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CHAPTER 1 
Introduction 
Cancer:  
The modern paradigm that mutations in somatic cells cause the uncontrolled cell proliferation 
called cancer is now well established (1). It is known that cells normally divide in a controlled 
way, but abnormal cells keep on re-dividing, forming an expanding “lump”. This cluster of 
abnormal cells is called a tumor. Some tumors are benign or harmless and often don't need 
treatment. But malignant tumors,  the cancers, can spread (2). Cancer is the uncontrolled growth 
and spread of cells that may affect almost any tissue of the body. Among men, lung , prostate and 
colon cancer are the most common cancers worldwide. For women, the most common cancers 
are lung, breast and cervical cancer. More than 10 million people are diagnosed with cancer 
every year. Worldwide, it is estimated that there will be 15 million new cases of cancer every 
year by 2020. Cancer causes 6 million deaths every year—or 12% of all deaths are due to cancer 
worldwide (3). Over the past decade, many treatment strategies has been implemented to 
improve the survival of patients diagnosed with lung cancer including chemotherapy, radiation 
therapy, target therapy, and immunotherapy; however, the outcome has been very disappointing. 
With few exceptions, the development of cancer in adult humans involves a complex succession 
of events that can accumulate over many decades. The cells in the emerging neoplastic clone 
accumulate within them a series of genetic or epigenetic changes that lead to changes in gene 
activity, and thus altered phenotypes which are subject to selection (4). Douglas Hanahan and 
Robert A. Weinberg suggest that the vast catalog of cancer cell genotypes is a manifestation of 
six essential alterations in cell physiology that collectively dictate malignant growth (5): self-
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sufficiency in growth signals, insensitivity to growth-inhibitory (antigrowth) signals, evasion of 
programmed cell death (apoptosis), limitless replicative potential, sustained angiogenesis, and 
tissue invasion and metastasis. Each of these physiologic changes—novel capabilities acquired 
during tumor development—contributes to the successful breaching of anticancer defense 
mechanisms hardwired into cells and tissues. 
 
 
Fig.1.1 The Hallmarks of Cancer (5) 
 
Oncogenes and Tumor Suppressor Genes 
It is widely accepted that cancer is a genetic disease and DNA alteration is an important step 
in every tumorgenesis. Somatic mutations that have been selected during tumorigenesis are, by 
definition, causally related to tumor formation, and therefore represent legitimate targets for anti-
cancer drugs (6). Accumulation of mutation in these genes will leads to cancer phenotype. These 
cancer genes are involved in molecular pathways supporting cellular mechanisms such as DNA 
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repair, cell proliferation, apoptosis and cell-cell interaction. These cancer arises through the 
accumulation of mutations in specific classes of genes within the cell (6). A simplistic 
interpretation divides cancer genes into two broad categories and their functions are as follows: 
 Oncogenes promote cell growth and when mutated result in constitutively or abnormally 
active proteins; such mutations are mainly of the dominant type. 
 Tumor suppressors genes are negative controllers of cell cycle progression and the 
mutations that affect them are typically recessive. 
Lung cancer:  
Cancer, the uncontrolled growth and spread of abnormal cells, results from the 
accumulation of numerous sequential mutations and alterations in nuclear and cytoplasmic 
molecules (7). Cancer progression or tumorigenesis is considered to involve three key steps: 
initiation, in which a normal cell is transformed into an initiated or abnormal cell, promotion, by 
which the initiated cell is converted into a preneoplastic cell, and progression, the process 
whereby the cells become neoplastic (8). Cancer may be initiated due to multiple factors 
including exposure to carcinogens, repeated genetic damage by oxidative stress, chronic 
inflammation or hormonal imbalance.  This followed by a cascade of reactions, triggered by 
multiple signaling molecules makes it difficult to target a specific molecule responsible for the 
disease and thereby retard progression.  
Lung cancer is the leading cause of death among all malignant diseases. It has been 
estimated that 226,160 (116,470 men and 109,690 women) will be diagnosed with, and 160,340 
will die of cancer of the lung and bronchus in 2012 (9). There are two main types of lung cancer: 
small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). NSCLC account for 
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80% of all lung cancer reported with 16% of five-year survival rate (10). NSCLC consists of 
three histological types: squamous-cell carcinoma (SCC, 28%), large-cell carcinoma (LCC, 
42%) and adenocarcinoma (AC, 48%) (11). The leading cause of lung cancer is direct and 
second hand smoking which accounts for 75% of all lung cancer (12). The remaining 25% of 
lung cancers are attributable to exposure to substances such as arsenic, asbestos, radioactive dust 
(radon), other environmental factors and genetic changes (12). Based on the clinical and 
molecular characteristics of never smoking versus smoking induced lung cancers, it has been 
suggested that they are separate entities (13).  
The major obstacle in improving the treatment outcome of lung cancer, especially 
NSCLC, is that it progresses undetected (asymptomatic) till it has metastasized. The common 
symptoms for lung cancer include persistent cough, chest pain, coughing up blood, hoarseness, 
weight loss, fatigue and recurrent respiratory infections (such as pneumonia). All these 
symptoms can be related to other  common respiratory disease and not specifically to lung cancer 
(14). The invasive NSCLC establishes distant metastases in organs including the bones, 
contralateral lung, liver and brain ahead of diagnosis which are lethal for the patients rather than 
the primary tumors in lung themselves (15). According to the American Society of Clinical 
Oncology Clinical Practice, platinum combinations with non-platinum therapy remain the first 
line of the agents to treat the NSCLC patients (12). These standard chemotherapy drugs or their 
combinations showed no significant improvement in overall survival long term in NSCLC 
patients (16). Therefore, novel and effective chemotherapeutic strategies to target NSCLC are 
under in-depth investigations. One promising treatment strategy involves in sub-group of 
NSCLC patients based on their expression of clinically relevant molecules. These molecules are 
encoded by the mutation of specific genes, in this case oncogenes, tumor suppressor genes, and 
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microRNAs, which play crucial roles in tumorigenesis and its progression, which are discussed 
focusing on several potential targets and targeted agents for the treatment of NSCLC. 
Lung cancer and EGFR  
Epidermal growth factor (EGFR) is the cell-surface growth factor receptor which exists 
as an inactive monomer from inside the cell membrane. Upon ligand binding, EGFR may form 
homodimers of EGFR-EGFR or heterodimers with other ErbB family members, such as ErbB2 
or ErbB3 by dimerization. EGFR dimerization stimulates its intrinsic intracellular tyrosine kinase 
activity. As a result, the c-terminal tyrosine residues of EGFR are autophosphorylated by these 
tyrosine kinases. This autophosphorylation activates the downstream signaling of EGFR via 
protein-protein interaction. The downstream signaling initiates signal transduction cascades, such 
as the activation of PI3K-AKT pathway, leading to DNA synthesis, cell proliferation, and 
migration. EGFR has been found to be overexpressed in many kinds of cancers including lung, 
breast, ovarian, head and neck cancers (13-15, 17). Moreover, the overexpression and activation 
of EGFR is a predictor of disease progression, and sensitivity to the kinase inhibitors (TKI) in 
NSCLC patients (13). Thus inhibition of EGFR is a logical approach for cancer treatment or 
slowing down its progression. 
Gefitinib and Erlotinib were the first two approved small molecules EGFR-TKI for the 
treatment of NSCLC. These TKI competitively binds the EGFR at the ATP binding site in order 
to inhibit EGFR activation. In clinical trials, American and Japanese NSCLC patients responded 
differently to TKI. The rate of response between American and Japanese was 10% vs. 30%, 
respectively (18, 19).  Overall, Asian, female, non-smoking patients showed better drug response 
than other patients (20). Further gene sequencing data showed that somatic gene mutations coded 
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for EGFR tyrosine kinase are responsible for TKI efficacy. Most of the EGFR beneficial 
mutations of NSCLC belong to two types: LREA deletion in exon 19 and L858R point mutation 
in exon 21 (20, 21).  
However, some responsive patients who initially respond to TKI show an acquired 
resistance, associated with secondary somatic mutation in T790M on exon 20 or by amplification 
of MET, another cell membrane receptor (22, 23). Clinical data shows that about 50% of patients 
who developed gefitinib-resistant have T790M somatic mutation (24-26). Additionally, MET 
amplification accounted for 20% of patients who developed gefitinib-resistant, through ERBB3 
(a membrane of the EGFR family)-dependent activation of PI3K pathway (27).  New strategies 
to overcome the acquired resistance to TKI are being explored. Second generation irreversible 
EGFR inhibitors have been shown to beat the TKI resistance with secondary somatic mutation in 
T790M in preclinical models (28, 29). Recently, data has been shown that simultaneous targeting 
of the MET and EGFR pathways can provide synergistic inhibitory effects for the treatment of 
cancers in which both pathways are activated (30). However, the percentage of patients with 
EGFR-MET double mutation is very low, so only a few patients will benefit from new drug.  
Lung cancer and Notch-1 pathway: 
Notch proteins, the transmembrane receptors, are highly conserved in the development 
and the determination of cell fate (31). As the ligand-receptor singaling pathway, Notch 
signaling plays critical roles in mediating cell proliferation, survival, apoptosis (32). Until now, 
four Notch receptors have been found in mammals, namely Notch-1-4 (33). Additionally, five 
Notch ligands including DLL-1, DLL-3, DLL-4, Jagged-1, Jagged-2 have been identified (33, 
34). All the Notch receptors and their lignads have been shown to be related to cancer (35). Once 
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their ligands bind to the extracellular domain, Notch receptors undergo a series of proteolytic 
cleavages, releasing the intracellular Notch which translocates into the nucleus (36). Inside the 
nucleus, the active forms of Notch combining with other transcription factors regulate the 
expression of target genes, such as Hes-1, Bcl-XL, Survivin (37, 38). Since notch signaling 
regulates critical cell fate decision, alterations in Notch signaling are associated with 
tumorigenesis. It has been found that notch signaling is frequently dysregulated with up-
regulated expression in different types of cancers such as lung, colon, head and neck, pancreas 
(39-42). Overexpression of Notch-1 has been shown to inhibit apoptosis in different types of 
cancers (43, 44), suggesting that Notch could be considered as a therapeutic target. Clinical data 
has demonstrated that 30 % of NSCLC patients have increased Notch activity among which 10% 
of NSCLC has gain-of-function mutation on the Notch-1 gene (39). Recently, it has been 
reported that Notch-1 stimulates survival of NSCLC cells during hypoxia by activating the IGF 
pathway (45). As γ-secretase is the last and obligatory step to activate the Notch pathways, a 
group of small-molecule inhibitors of the γ-secretase complex (GSIs), which prevent intracellular 
Notch-1 (ICN1) release into nucleus, are being tested in the clinical trials. As down-regulation of 
Notch-1 showed anti-neoplastic effects in vivo and in vitro (43, 44, 46), the potential for treating 
certain cancers could be achieved by inhibiting Notch signal transduction. However, the major 
obstacle to the use of these compounds is due to their high systemic toxicity (39). Therefore 
novel compounds that could target the Notch pathway would be a promising strategy for cancer 
therapy. 
Lung cancer and NF-ĸB pathway: 
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Nuclear factor-kappaB (NF-κB), another key apoptotic regulator, which plays important 
roles in cancer cell transformation and development (47). Accumulating data shows that there is 
a cross-talk between the Notch-1/Hes-1 pathways and the NF-κB pathway.  Notch ligands 
induced NF-κB activation in leukemia cells, and decreased Notch-1 expression was accompanied 
with concomittent decrease in NF-κB binding activity (48). Moreover Notch-1 has been found to 
induce sustained NF-κB activity by facilitating its nuclear retention (49). Specially, NF-κB2 
promoter activity is activated by the Notch-1 pathway (50). Recently, Notch-1/Hes-1 pathways 
were found as the upstream mechanisms for maintainance of NF-κB activation in leukemia in 
vivo and in vitro (51). Recently, clinical data showed that increased expression of the NF-κB 
inhibitor IκB predicted for improved response and survival in EGFR-mutant lung cancer patients 
treated with EGFR-TKI (52). Taken together, these results suggest that NF-κB could be 
considered as a potential target that might provide synergistic effects upon treatment of NSCLC 
with other chemo-drugs.  
Lung Cancer and microRNA: 
MicroRNAs (miR) are small non-coding RNAs that are involved in post-transcriptional 
gene regulation (53). These molecules silence their target gene expression by directly interacting 
with the 3’-untranslated region (3’-UTR) of mRNA, promoting RNA degradation and/or 
inhibiting transcription. Accumulating data demonstrates that miRNA plays important roles in 
cancers by regulating the expression of various oncogenes and tumor suppressors genes (54). 
More importantly, it has been suggested that dysregulations of specific miRNAs and their targets 
in various types of cancer is associated with the development and progression of cancers (55, 
56). For example, reduced expression of let-7 microRNAs, the tumor suppressor gene, has been 
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shown to be associated with shortened postoperative survival in lung cancer patients (57). In 
addition, miR-107 and miR-185 were found to localize in frequently altered chromosomal 
regions in human lung cancer and over-expression of miR-107 and miR-185 significantly 
reduced the proliferation of A549 and H1299 NSCLC cells (58). Clinical data has demonstrated 
that the miR-34 family was down-regulated in tumor compared with normal tissue, and low 
levels of miR-34a expression were correlated with a high probability of relapse in lung cancer 
(59). Therefore, it is important to unravel the relationship between miRNA expression and 
oncogene such as Notch-1 signaling. It is also important to find novel agents that could regulate 
the specific miRNA expressions and Notch-1 pathway which could then be potentially useful for 
the treatment of NSCLC in the future.  
Tocotrienols and cancer prevention: 
Tocotrienols are chemical isoforms of natural vitamin E (alpha, beta, gamma, and delta) 
which are rich in cereal grains and palm oil. Compared to tocopherols, tocotrienols has 
unsaturated side chain with three double bonds in their farnesyl isoprenoid tail. Unlike 
tocopherols, tocotrienols only account for 1% of total vitamin E research because of their lower 
availability in nature. Found in wheat germ, barley, some grains and vegetable oils, palm oil 
represents one of the richest natural sources of tocotrienols with 70% of its Vitamin E in the 
form of tocotrienols (60, 61).  
Identification of α-tocotrienol as an inhibitor of cholesterol biosynthesis led to a spur of 
activity in tocotrienol research (62). Later, tocotrienols were found to regulate cholesterol 
production in mammalian cells by post-transcriptional suppression of 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase (63). Studies indicate that delta and gamma-
10 
 
 
tocotrienol enhance HMG-CoA reductase ubiquitination and degradation. In addition, delta-
tocotrienol could block the processing of sterol regulatory element-binding proteins (SREBPs) 
(64).  This suppression of HMG-CoA activity is corroborated with a decrease in total cholesterol 
and low density lipoprotein plasma levels in hamsters (65). Taken together, these reports suggest 
that dietary supplement of tocotrienols may represent a novel approach for the treatment of 
hypercholesterolemia.  
In comparison to the tocopherols, tocotrienols have more potent antioxidant properties 
due to the presence of three double bonds in the hydrocarbon tail (66, 67). Overproduction of 
reactive oxygen and nitrogen species (RO/NS), leading to oxidative stress is a well established 
contributor to a multitude of chronic diseases, for example, cardiovascular, cancer, 
neurodegeneration and to the normal process of aging as well (68). Thus agents that help to 
lower the burden of oxidative stress may be of benefit in preventing or delaying onset of these 
diseases. In line with their antioxidant capabilities, administration of tocotrienols but not 
tocopherols reduced the accumulation of protein carbonyls (indicators of oxidative damage 
during aging) and consequently extended the mean life span in C. elegans (69). Very recently, 
dietary supplementation with tocotrienols demonstrated improved T- cell function in old mice 
(70).                                     
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Fig.1.2 Chemical Structure of Tocotrienols (71) 
Although α-tocotrienol seems to offer the most neuroprotection, among all the vitamin E 
isomers, γ and δ-tocotrienols have been shown to be superior to the other isomers in cancer 
prevention. One of the earlier studies investigating the anti-cancer effect of tocotrienols, showed 
that alpha- and gamma-tocotrienols were effective against sarcoma 180, Ehrlich carcinoma, and 
invasive mammary carcinoma. In addition, gamma-tocotrienol showed a slight life-prolonging 
effect in mice with Meth A fibrosarcoma. However, no antitumor activity of tocotrienols was 
observed against P388 leukemia at doses of 5-40 mg/kg/d (72). Since then, there has been a 
tremendous interest in investigating the anti-cancer effects of tocotrienols. As such, tocotrienols 
have now been shown to have anti-tumor effects on different human cancer cells including 
prostate, breast, colon, melanoma, and lung cancers (73-75). Additionally, it has been shown that 
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tocotrienols can induce apoptosis by inhibiting multiple signaling pathways such as EGFR, NF-
kB, MAPK, and PI3K/AKT pathways (76).  
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CHAPTER 2  
Background and Specific Aims 
Lung cancer is the leading cause of death among all the cancers. NSCLC accounts for 
80% of lung cancer with a five-year survival rate of 16%. Since Notch-1 signaling plays 
an important role in cell proliferation, differentiation, and apoptosis; and thus down-
regulation of Notch-1 may exert anti-tumor effects. Gamma-secretase plays a crucial role 
in the Notch pathway by activating it as a result of preteolytic cleavage of the notch 
receptor from the membrane. The importance of its inhibition as a target for cancer 
therapy is reflected in the number of gamma-secretase inhibitors (GSI) under preclinical 
investigations. Acute toxicity is a major barrier for the usage of most of the GSI 
compounds. Identification of compounds targeting Notch signaling in NSCLC with 
minimal toxicity might provide new impetus in this area. We hypothesize that delta–
tocotrienol will reduce NSCLC cell growth via inhibition of Notch-1 signaling pathway 
which in turn can be used as a sensitizer to cisplatin.  
Specific Aim 1: To determine the anti-cancer activity of delta -tocotrienol against 
different NSCLC cells and elucidate its in vitro effect on Notch-1 and NF-ĸB 
signaling pathways. We characterized anti-cancer effects of delta -tocotrienol on 
NSCLC cell lines overexpression Notch-1. Since there is lack of data showing the effect 
of delta-tocotrienol on NSCLC cell lines overexpressing Notch-1, we identified 
molecular mechanisms on these cell lines. Specifically, we investigated the Notch-1 
cellular pathway and also the transcription factor NF-ĸB pathway. First, we determined 
the delta –tocotrienol IC50 (half inhibition concentration) on these three cell lines by MTS 
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assay. Second, we tested delta –tocotrienol’s ability for the inhibition of cell growth of 
these cell lines by flow cytometry. Third, we detected gene expression regulation effect 
of delta –tocotrienol on the nuclear transcription factor. NF-ĸB activity was measured by 
electrophoretic mobility shift assay (EMSA). Lastly, we measured the protein expression 
of effectors of Notch-1 by western blotting.  
Specific Specific Aim 2: To identify the alterations in microRNA expression profile 
of NSCLC cells after treatment with delta-tocotrineol. Utilizing MicroRNA (miRNA) 
microarray, we found the inhibition of NSCLC cell growth and induction of apoptosis by 
delta-tocotrienol due to modulation of Notch-1 pathway mediated through alteration of 
specific miRNA expression. Pre-miRNA transfection was utilized to investigate the 
molecular mechanism induced by delta-tocotrienol. By using transfection, we knock-
down specific miRNA and elucidated its effects on cell proliferation, apoptosis and 
invasion.  
Specific Aim 3: To elucidate synergistic effects of delta - tocotrienol and cisplatin 
(DNA damage) on drug resistant cell models. We investigated the growth inhibitory 
effects of a low dose treatment of cisplatin alone or in combination with delta -tocotrienol 
and investigated the intracellular signaling mechanisms. Since delta tocotrienol inhibit 
the cell proliferation by different mechanisms, we identified the additive effects of 
cisplatin and delta-tocotrienol on these cell lines. First, we identified the delta –
tocotrienol IC50 (half inhibition concentration) alone or in combination with different 
concentration of erolitinib on these cell lines by MTS assay. Second, we tested delta –
tocotrienol and cisplatin separately or combination with cisplatin for inhibitory their 
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growth effects on these cell lines by flow cytometry. lastly, the nuclear transcription 
factor NF-ĸB activity was measured by EMSA assay. Last, we investigated changes in 
protein expression by western blotting.  
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Abstract 
Lung cancer is the leading cause of death among all the cancers. Non-small cell lung 
cancer accounts for 80% of lung cancer with a five-year survival rate of 16%.  Notch pathway, 
especially Notch-1 is upregulated in a subgroup of Non-small cell lung cancer patients. Since 
Notch-1 signaling plays an important role in cell proliferation, differentiation, and apoptosis, 
down-regulation of Notch-1 may exert anti-tumor effects. The objective of this study was to 
investigate whether delta-tocotrienol, a naturally occurring isoform of Vitamin E, inhibits non-
small cell lung cancer cell growth via Notch signaling. Treatment with delta-tocotrienol resulted 
in a dose and time dependent inhibition of cell growth, cell migration, tumor cell invasiveness, 
and induction of apoptosis. Real-time RT-PCR and Western blot analysis showed that antitumor 
activity by delta-tocotrienol was associated with a decrease in Notch-1, Hes-1, Survivin, MMP-9, 
VEGF, and Bcl-XL expression. In addition, there was a decrease in NF-κB-DNA binding 
activity. These results suggest that down-regulation of Notch-1, via inhibition of NF-κB 
signaling pathways by delta-tocotrienol, could provide a potential novel approach for prevention 
of tumor progression in non-small cell lung cancer. 
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Introduction 
Notch proteins, the transmembrane receptors, are highly conserved in the development 
and the determination of cell fate (31). This is because the ligand-receptor signaling pathway, 
Notch, plays critical roles in mediating cell proliferation, survival, and apoptosis (32). Until now, 
four Notch receptors, namely Notch1-4 have been found in mammals. (33). Additionally, five 
Notch ligands including DLL-1, DLL-3, DLL-4, Jagged-1, Jagged-2 have been identified (33, 
34). All the Notch receptors and their ligands have been shown to be related to cancer (35). Once 
their ligands bind to the extracellular domain, Notch receptors undergo a series of proteolitic 
cleavages, releasing the intracellular Notch which translocates into nucleus (36). Inside the 
nucleus, the active forms of Notch combining with other transcription factors regulate the 
expression of target genes, such as Hes-1, Bcl-XL, Survivin (37, 38). Since notch signaling 
regulates critical cell fate decision, alterations in Notch signaling are associated with 
tumorigenesis. Notch expression has is known to be up-regulated in different types of cancers 
including colon, lung, head and neck, and pancreatic (39-42). Overexpression of Notch-1 has 
been shown to inhibit apoptosis in different cancers types (43, 44), suggesting its potential as a 
therapeutic target.  
Lung cancer is the major cause of death among malignant diseases, and Non-small Cell 
Lung carcinoma (NSCLC)  accounts for 80% of lung cancer, with a 16% five-year survival rate 
(10). Clinical data has demonstrated that 30 % of NSCLC has increased Notch activity and 10% 
of NSCLC has gain-of-function mutation on Notch-1 gene (39). Recently, it has been reported 
that Notch-1 stimulates survival of NSCLC cells during hypoxia by activating the IGF pathway 
(45). Another key apoptotic regulator, nuclear factor-kappaB (NF-κB) plays important roles in 
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cancer cell transformation and development (47). More and more data shows that Notch-1/Hes-1 
pathways cross-talk with the NF-κB pathway. Notch ligands induce NF-κB activation in 
leukemia cells, and decreased Notch-1 lowers NF-κB DNA binding activity (48). Moreover, 
Notch-1 has been found to induce sustained NF-κB activity by facilitating its nuclear retention 
(49). Specifically, NF-κB2 promoter activity has been shown to be activated by Notch-1 pathway 
(77). Recently, Notch-1/Hes-1 pathways have been reported to be upstream to the maintenance 
of NF-κB activation in leukemia in vivo and in vitro (51). 
However, the mechanisms by which Notch-1 inhibits cell growth and induced apoptosis 
in NSCLC are still unclear. Since Notch-1 down-regulation has shown anti-neoplastic effects in 
vivo and in vitro (43, 44, 46), the potential for treating certain cancers could be achieved by 
inhibiting Notch signal transduction. Tocotrienols, components of naturally occurring vitamin E 
exit as four chemical isoforms (alpha, beta, gamma, and delta) and are rich in cereal grains and 
palm oils. Tocotrienol have been shown to have anti-tumor effects on different human cancer 
cells including prostate, breast, colon, melanoma, and lung cancers (73-75). Additionally, 
tocotrienols can induce apoptosis by inhibiting multiple signaling pathways such as EGFR, NF-
B, MAPK, and PI3K/AKT pathways (76). Despite recent progress, the effect of tocotienols on 
Notch signaling in NSCLC remains to be elucidated. In this study, we investigated the effect of 
delta tocotrienol on NSCLC cell growth and apoptosis. Our working hypothesis was that 
tocotrienols, specifically delta-tocotrienol will inhibit NSCLC cell growth and induce apoptosis 
by inhibition of Notch-1 signaling via the NF-kB pathway.  
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Materials and methods 
Cell culture, reagents and antibodies:  
Human NSCLC cell lines, including A549, H1299 obtained from ATCC were grown in 
DMEM medium (Mediatech, Manassas, VA) supplemented with 10% fetal bovine serum and 1% 
penicillin and streptomycin in 5% CO2. Pure delta-tocotrienol was a kind gift from American 
River Nutrition, Inc (American River Nutrition, Hadley, MA). Protease inhibitor cocktail was 
obtained from Sigma (St. Louis, Mo). Primary antibodies for Poly (ADP-ribose) polymerase 
(PARP), β-actin and cell lysis buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl , 1 mM Na2EDTA 
, 1 mM EGTA , 1% Triton, 2.5 mM sodium pyrophosphate , 1 mM beta-glycerophosphate, 1 
mM Na3VO4 , 1 µg/ml leupeptin) were purchased from Cell Signaling Technology (Danvers, 
MA). Primary antibodies against Notch-1, Hes-1, Survivin, Bcl-XL were bought from Santa Cruz 
Biotechnology (Santa Cruz, CA). The secondary antibodies were bought from Bio-Rad 
Laboratories (Hercules, CA).  
Cell viability studies by MTS assay:  
The A549 and H1299 cells (5 ×10
3
) were seeded in a 96-well culture plate after overnight 
incubation,  medium was removed and replaced with a fresh medium containing DMSO (vehicle 
control) or different concentrations of delta-tocotrienol diluted from a 20 mM stock solution. 
After 24, 48 and 72 h of incubation, 20μl of CellTiter 96 AQueous One Solution Reagent 
(Promega, Madison, WI) was added to each well. After 2 h incubation at 37°C in a humidified, 
5% CO2 atmosphere, the absorbance at 490nm was recorded on ELx800 plate reader (Bio-Tek, 
Winooski, VT). Each variant of the experiment was performed in triplicate. 
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Histone/DNA ELISA for detection of apoptosis: 
The Cell Death Detection ELISA Kit (Roche, Palo Alto, CA) was used to detect 
apoptosis in NSCLC cells. Briefly, 10
5 
Cells were seeded in six-well plates. After 24 h 
incubation, cells were treated with delta-tocotrienol or control for 72 h. The cells were then 
lysed, and cytoplasmic histone/DNA fragments were extracted and incubated in microtiter plate 
modules coated with anti-histone antibody. In order to detect the immobilized histone/DNA 
fragment, peroxidase-conjugated anti-DNA antibody was used before color development with 
ABTS substrate for peroxidase. The spectrophotometric absorbance of the samples was 
determined by using ELx800 plate reader (Bio-Tek, Winooski, VT) at 405 nm.  
 
Clongenic assay: 
One million cells were seeded in 100 mm dish per plate, incubated overnight. 
Subsequently, the cells were cultured with delta-tocotrienol or control, grown for 72 h. Later, the 
viable cells were counted and plated in 100 mm dishes in a range of 1,000 cells per plate. The 
cells were then incubated for 21 days at 37°C in a 5% CO2 incubator. All the colonies were fixed 
in 4% Paraformaldehyde and stained with 2% crystal violet.  
 
Flow cytometry and cell cycle analysis: 
Cells were seeded in 100 mm dish per plate, incubated overnight. Subsequently, all the 
cells were starved for another 24 h. The cells were released to control or delta-tocotrienol 
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treatment and grown for 72 h. Later, cells were collected and fixed with ice-cold 70% (v/v) 
ethanol for 24 h. After centrifugation at 3000× g for 5 min, the cell pellet were washed with PBS 
(pH 7.4) and resuspended in PBS containing propidium iodide (50 μg/mL), and DNase-free 
RNase (1 μg/mL). Samples were then incubated at room temperature for 2 h, and DNA content 
was determined by flow cytometry using a FACScan flow cytometer (BD, San Jose, CA).   
 
Annexin V-FITC method for apoptosis analysis: 
Annexin V-FITC apoptosis detection kit (BD, San Jose, USA) were used to measure the 
apoptotic cells. Briefly, A549 and H1299 cells were incubated in the presence or absence of 
delta-tocotrienol for 48 h. Cells were trypsinized, washed twice with ice-cold PBS and re-
suspended in 1 X binding buffer at a concentration of 10
5
/ml cells in a total volume of 100 µl. 
After that, 5 µl of Annexin V-FITC and 5 µl of PI (Propidium Iodide) were added. All the 
samples were kept in the dark for 20 min at room temperature. Finally, 400 µl of 1 X binding 
buffer was then added to each tube and the number of apoptotic cells was analyzed by flow 
cytometry (BD, San Jose, CA). 
 
Wound healing assay: 
A549 and H1299 were seeded in a six well plate at the concentration of 4x10
5
 cells per 
well. After overnight incubation, the culture media were removed and a scratch wound across 
each well was made using fine tips. All the wound areas were washed by PBS for three times to 
make sure no loosely held cells attached. Subsequently, the cells were culture in presence or 
absence of delta-tocotrienol and the wound images were taken as 0 h. After 20h, wound healing 
pictures were taken under microscope.  
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Cell invasive assay: 
BD Biocoat invasion kit (BD, San Jose, CA) was used to evaluate the tumor invasive 
ability. Briefly, around 2.5 x 10
5 
cells of A549 and H1299 at with basal media was transferred in 
each 6-well upper chamber in the presence or absence of delta-tocotrienol. In the meantime, 
three milliliter of culture medium with 10% FBS was added into each lower chamber of 6-well 
plate. After 20 h incubation, the cells on the upper chamber were removed using cotton stick. 
Each of experimental conditions was performed in duplicates. The cells were fixed in 4% 
Paraformaldehyde and stained with 2% crystal violet. To determine the cells number, cells were 
counted under a microscope in five random fields. 
 
Protein extraction and western blotting: 
A549 and H1299 cell lines were treated with or without of delta-tocotrienol for 72 hours 
to evaluate the effects of treatment on Notch-1, Hes-1, PARP, Survivin, Bcl-XL, and -actin 
expressions. Cells were lysed in the cold lysis buffer for 30 minutes on ice. Protein 
concentrations were determined using the Bradford protein assay kit (Bio-Rad Laboratories, 
CA). Each sample contained 50μg of total cell lysates. The samples were loaded on 10% SDS-
polyacrylamide gel electrophoresis. After electrophoresis, the gel electrophoretically was 
transferred to a nitrocellulose membrane (Whatman, Clifton, NJ) using transfer buffer (25mM 
Tris, 190mM glycine, 20% methanol) in Hoefer TE70XP transfer apparatus (Holliston, MA). 
The membranes were incubated for 1 hour at room temperature with 5% nonfat dried milk in 1 x 
TBS buffer containing 0.1% Tween. After that, membranes were incubated over night at 4°C 
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with primary antibodies (1:1000). The membranes were washed 3 times with TBS-T, and 
subsequently incubated with the secondary antibodies (1:5000) containing 2% BSA for 2 hours 
at room temperature. The signal intensity was then measured by chemiluminescent image with 
chemiDoc XRS (Bio-Rad Laboratories, CA) 
 
Real-time quantitative PCR for gene expression analysis: 
Total RNA was isolated using RNeasy Mini Kit from QIAGEN(Valencia, CA, USA) 
according to the manufacturer’s protocols. Two microgram of total RNA from each sample was 
subjected to first strand cDNA synthesis using TaqMan reverse transcription reagents kit 
(Applied Biosystems, Foster City, CA) in a total volume of 20 µl. Reverse transcription reaction 
were performed at 25ºC for 10 min, followed by 48ºC for 30 min and 95ºC for 5 min. Real-time 
PCR analysis were performed using Eppendorf realplex 4 system (Hauppauge, NY). The 
sequences of the primers sets used for this analysis are as follows: Notch-1, forward primer (5'-
CAC TGT GGG CGG GTC C-3') and reverse primer (5'-GTT GTA TTG GTT CGG CAC CAT-
3'); Hes-1, forward (5'-GAC AGC ATC TGA GCA CAG AAA TG-3') and reverse primer (5'- 
GTC ATG GCA TTG ATC TGG GTC AT-3'); MMP-9, forward primer (5'-CGG AGT GAG 
TTG AAC CAG-3') and reverse primer (5'-GTC CCA GTG GGG ATT TAC-3'); VEGF, forward 
primer (5'-GCC TTG CCT TGC TGC TCT AC-3') and reverse primer (5'-TTC TGC CCT 
CCT CCT TCT GC-3'); GAPDH, forward primer (5'-CAG TGA GCT TCC CGT TCAG-3') and 
reverse primer (5'-ACC CAG AAG ACT GTG GAT GG-3'); All these primers are checked by 
running them on virtual PCR, and primer concentration are optimized to avoid primer dimer 
formation. Real-time PCR amplifications will be performed using 2 × SYBR Green PCR Master 
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Mix (Applied Biosystems). Two microliter of RT reaction will be used for a total volume of 25 
microliter quantitative PCR reactions. The thermal profile for SYBR real-time PCR was 95ºC 10 
min followed by 50 cycles of 95ºC 15 s and 60ºC 1 min. Data were analyzed according to the 
comparative fold increases or decrease in gene expression determined by quantitation of 
normalized by GAPDH expression in each sample.  
 
Electrophoretic mobility shift assay (EMSA) for measuring NF-κB activity: 
EMSA was conducted to measure the activity of NF-κB in delta-tocotrienol-treated and -
untreated cells. Briefly, A549 and H1299 cells were treated with or without of delta-tocotrienol. 
After 48 h treatment, nuclear protein was extracted from each sample using nuclear protein 
extraction kit according to the protocol (Pierce, Rockford, IL). Five mircrogram of nuclear 
proteins of each sample was incubated with IRDye-700 labeled NF-κB oligonucleotide. The 
incubation mixture included 2 µg of poly(deoxyinosinic-deoxycytidylic acid) in the binding 
buffer. The DNA-protein complex formed was separated by running on 8.0% native 
polyacralyamide gel using buffer containing 50 mmol/L Tris, 200 mmol/L glycine (pH 8.5), and 
1 mmol/L EDTA. In the end, the gel was visualized by Odyssey Infrared Imaging System (LI-
COR Biosciences, Lincoln, NE).  
 
Data Analysis: 
Results were expressed as means± SEM and analyzed using GraphPad Prism 4.0 (Graph pad 
Software, La Jolla, CA). Statistical comparisons between groups were done using one-way 
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ANOVA. Values of p<0.05 were considered to be statistically significant and individual p-values 
are reported in the figures, separately. 
 
Results 
Effects of delta-tocotrienol on cell growth of NSCLC cells 
In order to test the effects of delta-tocotrienol on cell growth, A549 and H1299 cells were 
treated with increasing concentration of delta-tocotrienol for 72 h separately followed by MTS 
assay. As shown in figure 3.1 A and B, delta-tocotrienol inhibits cell growth in a dose dependent 
manner in both A549 and H1299 cells respectively. In A549 cell line, treatment with 10, 20, 30 
M of delta-tocotrienol for 72 h resulted in 8%, 29%, and 77% of cell growth inhibition relative 
to control, respectively. Similarly, treatment of H1299 cell line with 10, 20, 30 M of delta-
tocotrienol for 72 h resulted in 11%, 45%, and 87% of cell growth inhibition, respectively, 
relative to control. These results indicate that delta-tocotrienol was an effective inhibitor of 
NSCLC cell growth as a single agent.  
 
To confirm the effects of delta-tocotrienol on cells growth, clonogenic assay was 
performed. Fig. 3.1 C and D show a dose dependent inhibition of colony formation by delta 
tocotrienol as compared to the control. For both cell lines, colony formation was barely seen at 
30 M delta-tocotrienol treatments. Overall, the results from the clonogenic assay were 
consistent with the MTS data shown in Fig. 3.1 A and 3.1B, confirming that delta-tocotrienol 
significantly inhibits the growth of NSCLC cells (p <0.05 at 30 M treatment).  
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Induction of apoptosis by delta-tocotrienol  
Since inhibition of cell growth could also result from apoptosis induced by delta-
tocotrienol, we further investigated whether delta-tocotrienol could induce apoptosis in both cell 
lines by two different approaches, histone/DNA ELISA and the Annexin V/PIstaining. As 
demonstrated in Fig. 3.2A and 3.2B, delta-tocotrienol induced apoptosis in both cell lines, A549 
(Fig. 3.2 A) and H1299 (Fig. 3.2 B) in dose dependent manner. Annexin V/PI staining confirmed 
apoptosis-inducing effect of delta-tocotrienol in both cell lines tested (Fig. 3.2 C and D), 
respectively. Fig. 3.2 C and D represents quantitation of apoptotic cells, as detected by Annexin 
V staining after treatment with 20 M delta-tocotrienol. Our results clearly show that delta-
tocotrienol treatment resulted in a statistically significant (p < 0.05) increase in the percentage of 
apoptotic cells in both NSCLC cell lines. 
 
Analysis of cell cycle distribution after treatment with delta-tocotrienol 
To further investigate cell growth inhibition by delta-tocotrienol, cell cycle distributions 
were performed using propidium iodide staning by flow cytometry. Both A549 and H1299 cells 
were treated in the absence or presence of delta-tocotrienol at 20 M for 48 h were analyzed. 
Fig. 3.3 A and B show increasing G0-G1 arrest patterns in delta-tocotrienol treated cells 
compared to the control in both cell lines, A549 and H1299, respectively. Both cell lines were 
showed a dose-dependent G0-G1 phase arrest induced by delta-tocotrienol. For A549 cells (Fig. 
3.3 A), there was about 76% cells in G0-G1 phase in treatment group (30 µM tocotrienol) 
compared to 70% in control cells. A similar response was observed in the H1299 cells (Fig. 3.3 
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B) with 67% of cells in G0-G1 phase in treatment group (30 µM tocotrienol) compared to 54% in 
control cells.  
 
Down-regulation of the Notch-1 and its target genes expressions by delta-tocotrienol 
Thus far, our results have shown that delta-tocotrienol inhibited cell growth and induced 
cell apoptotic death in NSCLC cells. In order to further understand the molecular mechanism 
involved in delta-tocotrienol -induced apoptosis of NSCLC cells, modifications in the cell death 
pathway were investigated. Given that Notch signaling and its gene products are known to 
regulate cell proliferation cell cycle distribution and apoptosis, we explored whether delta-
tocotrienol could regulate Notch signaling pathway. Real-time PCR and western blotting were 
used to measure Notch-1 mRNA and protein expressions in NSCLC cell lines treated with or 
without delta-tocotrienol at different time points. As shown on Fig. 3.4 (A and B), the mRNA 
expression of Notch-1gene was decreased after delta-tocotrienol treatment in both cell lines, 
suggesting that delta-tocotrienol exerted a transcription inhibition on Notch-1 gene expression. 
Furthermore, western blotting data (Fig. 3.4) demonstrated that delta-tocotrienol inhibited the 
protein expression of Notch-1 in a dose dependent manner in both NSCLC cell lines. These 
results showed that delta-tocotrienol regulates the transcription and translation of Notch-1 gene. 
 
To further confirm our results, we also conducted real-time PCR and western blotting to 
assess Notch-1 target genes such as Hes-1 and Survivin in NSCLC cells after delta-tocotrienol 
treatment. A dose dependent decrease in Hes-1 and Survivin protein levels with delta-tocotrienol 
treatment was observed (Fig. 3.4 A and B).  Taken together, our findings strongly suggest that 
delta-tocotrienol suppressed transcription and translation of Notch-1 and its target genes such as 
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Hes-1, Survinin possibly giving rise to reduced proliferation, and enhanced apoptosis in NSCLC 
cells. 
 
Inhibition of NF-κB DNA binding activity with delta-tocotrienol 
The NF-κB pathway plays important roles in cancer cell transformation, cell invasion, 
and apoptosis. Further, NF-κB has been shown to cross-talk with Notch signaling (78). The 
effect of delta-tocotrienol on NF-κB DNA-binding activity in NSCLC cells was determined by 
subjecting nuclear extracts from delta-tocotrienol treated A549 and H1299 cells to EMSA. As 
shown in the Fig. 3.5 A and B, compared to the control, delta-tocotrienol significantly inhibits 
the DNA-binding activity of NF-κB in dose dependent manner for both cell lines. Given that NF-
κB is a master point for multiple pathways involved in proliferation, survival, and invasion, 
inhibition of NF-κB activity by delta-tocotrienol confirms the latter’s potential benefit as an anti-
cancer agent.  
 
The effect of delta-tocotrienol on the expressions of VEGF and MMP9, downstream 
target genes of NF-κB, responsible for cell migration and invasion, were evaluated by real-time 
PCR. As shown in Fig. 5 C and D, the expressions of MMP9 and VEGF in both cell lines were 
significantly inhibited on treatment with delta- tocotienol. The results clearly demonstrate that 
delta-tocotrienol inhibited NF-kB activity and its target genes expressions. 
 
Inhibition of cell invasion and migration by delta-tocotrienol 
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Although effect of delta-tocotrienol on anti-proliferation and induction of apoptosis has 
in certain cancers has been shown, its effects on tumor cells migration and invasion has not been 
evaluated thus far. Since delta-tocotrienol inhibited MMP-9 and VEGF, important factors for cell 
migration and invasion, we conducted a Matrigel invasion assay in order to assess its effect on 
the invasive capacity of A549 and H1299 NSCLC cells. As shown in Fig. 6 A and B, delta-
tocotrienol-treated A549 and H1299 cells depict a decrease in their invasive capability by at least 
3 times as compared with the untreated control. Wound healing assay was performed to 
determine tumor cell migration ability. As demonstrated in Fig. 3.6 C and D, delta-tocotrienol 
inhibited cell migration in a dose dependent manner in both cell lines, A549 and H1299.  
Discussion 
Lung cancer, especially NSCLC, is the leading cause of death among all types of cancers 
with a five-year survival rate of 16% (10). Abnormal Notch pathway has been found in 30% of 
NSCLC patients, and is implicated in their higher mortality rate (39). A549 and H1299 cell lines 
are representatives of such abnormal notch expression cells. As the Notch pathway, especially 
Notch-1 signaling plays an important role in the determination of cell fate its inhibition may 
provide a promising target for cancer therapy. Gamma (γ)-secretase plays a crucial role in the 
Notch pathway by activating it as a result of preteolytic cleavage of the notch receptor from the 
membrane (79). The importance of its inhibition as a target for cancer therapy is reflected in the 
number of γ-secretase inhibitors (GSI) under preclinical investigations (79). Acute toxicity is a 
major barrier for the usage of most of the GSI compounds(79). Identification of compounds 
targeting Notch signaling in NSCLC with minimal toxicity might provide new impetus in this 
area.      
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Bioactive dietary agents such as delta-tocotrienol might have a significant impact in lung 
cancer prevention and/or therapy as a single agent or agent in combinatorial therapy. Although 
delta-tocotrienol, an isomer of vitamin E, has demonstrated its anti-cancer effects in a few cancer 
models (80) , there is no report regarding the molecular mechanism by which delta-tocotrienol 
may induce apoptosis in NSCLC cells(73, 75). We hypothesized that delta-tocotrienol could be 
effective against NSCLC cell growth via the Notch-1 pathway. In the current study, we 
investigated the effects and molecular mechanisms of delta-tocotrienol in cell lines with over 
expression of Notch-1. We found that delta-tocotrienol was efficient in inhibiting the growth and 
proliferation of cells. In the cell proliferation (MTS) assay (Fig.1A and B), we found that delta-
tocotrienol was effective against A549 and H1299 cell growth. In line with the MTS test, the 
clonogenic assay (Fig. 1C and D) demonstrated that delta-tocotrienol efficiently inhibited cells 
growth in a dose dependent fashion.  
Most anti-cancer agents inhibit cancer cell proliferation and tumor progression by 
inducing apoptosis. Therefore, we assessed apoptosis-inducing effects of delta-tocotrienol in 
both NSCLC cell lines. An earlier publication reported that delta-tocotrienols induced apoptosis 
and cell cycle arrest in pancreatic cancer cells (81). In our study, delta-tocotrienol elicited a 
dramatic induction of apoptotic processes in NSCLC cells, as shown by DNA/histone 
fragmentation analysis and Annexin V staining analysis. Because inhibition of cell growth is 
associated with the cell cycle arrest, we investigated whether or not delta-tocotrienol could 
induce cell cycle arrest. Indeed, our results establish that delta-tocotrienol induced cell cycle 
arrest in the G0-G1 phase for both cell lines in a dose dependent manner.  
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Recent reports have shown that Notch-1 expression regulates cell death through both 
apoptosis and cell cycle arrest (82). Moreover, as both A549 and H1299 have higher Notch-1 
expression, we wanted to determine if delta-tocotrienol induces apoptosis, anti-metastasis, and 
cell cycle arrest by inhibiting the Notch-1 pathway. In order to explore the molecular 
mechanisms induced by delta-tocotrienol, we examined the protein expressions such as Notch-1, 
Hes-1 and apoptosis pathway proteins such as PARP, Survivin, and Bcl-XL. In the present study, 
we clearly demonstrate that delta-tocotrienol induced apoptosis in NSCLC by reducing 
expression of Notch-1, Hes-1. Because Survivin and Bcl-XL expression prevent cells from 
apoptosis, our results suggest that decreased Survivin and Bcl-XL expression may also participate 
in apoptosis induced by delta-tocotrienol in NSCLC. These results, along with dose-dependent 
PARP cleavage indicate the inhibition of cell growth observed in NSCLC treated with delta-
tocotrienol may be due to the increase in apoptosis.  
NF-κB plays important roles in many cellular processes including cell proliferation, 
invasion, and angiogenesis all of which are crucial for cancer development and progression. 
Recently, Notch-1 pathway has been reported to cross-talk with the NF-κB pathway (78). A 
previous report showed that mice with reduced Notch pathway had significantly decreased NF-
κB activity (83). There is no report regarding the molecular mechanism by which 
deltatocotrienol may induce apoptosis in NSCLC cells. Since delta-tocotrienol can inhibit the 
Notch-1 pathways and Notch-1 can cross-talk with NF-κB, we further performed the EMSA to 
investigate the activity of NF-κB upon delta-tocotrienol treatment. So, consistent with the 
literature documentation on the overlap between the Notch and NF-kB pathway, in addition to 
inhibition of Notch signaling, our results clearly support the idea of simultaneous inactivation of 
NF-κB binding in NSCLC cells (Fig. 5 A and B). In addition, we wanted to explore the anti-
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metastatic effect of delta-tocotrienol act in NSCLC cells. Indeed, we showed that in both A549 
and H1299 cells, migration and invasiveness were significantly reduced under treatment of delta-
tocotrienol (Fig. 6). Shibata A et al found that delta-tocotrienol suppressed hypoxia-induced 
VEGF and IL-8 expression at both mRNA and protein levels which in turn suppressed tumor 
angiogenesis (84). Consistent with the previous study, our study confirmed that the anti-
metastatic effects induced by delta-tocotrienol were associated by a decrease in VEGF and 
MMP-9 (Fig. 5 C and D) expressions.  
In summary, we have provided experimental evidence that indicates that delta-tocotrienol 
inhibited Notch-1 signaling, cell proliferation, invasion and induced apoptosis in NSCLC cells. 
Moreover, our current data provide mechanistic information showing that delta-tocotrienol exerts 
its pro-apoptotic effects on NSCLC cells, at least in part due to inactivation of Notch-1, Hes-1 
and NF-κB signaling (Fig. 3.7). On the basis of our results, we propose a hypothetical pathway 
by which delta-tocotrienol inhibits cell growth of NSCLC cells. Further in-depth experiments are 
needed to ascertain the specific mechanisms by which delta-tocotrienol regulates these pathways. 
However, previous studies on the effect of vitamin E, mainly tocopherols on cancer types in cell 
and animal or clinical studies have shown inconsistent results. This may be attributed to their low 
bioavailability leading to decreased concentrations in the target tissues (85). Thus additional in 
vivo studies, for example in transgenic mice models, and future clinical trials will be needed to 
establish whether delta-tocotrienol could be useful in combination with conventional 
chemotherapeutics or conventional targeted agents for the treatment of NSCLC for which at 
present, there is no effective and curative therapy. 
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Figure Legends: 
Figure 3.1: Antiproliferative effects of Delta-tocotrienol on NSCLC cells.  
Cell viability (A and B) of human NSCLC cell lines A549 and H1299 cells. Both A549 (left)  
and H1299 (Right) cells were initially plated at a density of 5×10
3
 cells/well (3wells/group) in 
96-well plates and grown in experimental medium containing 0, 10, 20, 30 µM of delta-
tocotrienol for 72 h. Viable cell number was determined using the MTS colorimetric assay. 
Vertical bars indicate the mean cell count ± SEM (n = 3).  *p < 0.05 is considered as significant 
as compared with vehicle-treated controls. 
Cell survival of human NSCLC cell lines A549 and H1299 cells. A549 (C) and H1299 (D) cells 
treated with different concentration of delta-tocotrienol (0, 20, 30 µM) were evaluated by the 
clonogenic assay. Photomicrographic difference in colony formation in A549 and H1299 cells 
untreated and treated with delta-tocotrienol. There was a significant reduction in the colony 
formation in A549 and H1299 cells treated compared with cells untreated.  
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Figure 3.2: Induction of apoptotic effects of delta-tocotrienol and cell cycle analysis on 
NSCLC cells.  
A and B, A549 and H1299 cells were treated with increasing concentration of delta-tocotrienol 
for 72 h. After that, the apoptosis of both cell lines were determined by histone/DNA ELISA. 
.*P<0.05, **P< 0.01.  
 
C and D, A549 and H1299 cells were treated with 20 μM of delta-tocotrienol for 72 h. After that, 
the apoptosis of both cell lines were determined by Annexin V-FITC.  
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Figure 3.3: Delta-tocotrienol induces cell cycle arrest at G0-G1 phase  
A and B, A549 and H1299 cells were seeded at a density of 1×10
6
 cells in 100-mm dishes 
without serum for 24 h. After that, different concentrations (0, 20, 30µM) of delta-tocotrienol 
were added and incubated for 72 h. Cell cycle distributions were done by flow cytometry. 
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Figure 3.4: Dow-regulation of Notch-1 and its target genes by delta-tocotrienol  
A549 (A) and H1299 (B) cells were treated with varied concentrations of delta-tocotrienol for 72 
hours. Left panel: the expressions of Notch-1, Hes-1, PARP, Bcl-XL, Survivin protein were 
detected by western blotting analysis. Middle and right panel: Notch-1 mRNA and Hes-1 mRNA 
were detected by Real-time RT-PCR, respectively.  
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Figure 3.5: Dose-dependent down-regulation of NF-kB activity and its down-stream genes 
by delta-tocotrienol.  
A549 (A) and H1299 (B) cells were incubated with increasing concentrations of delta-tocotrienol 
or DMSO-control for 72 h, and nuclear proteins were subjected to gel shift assay for the 
evaluation of NF- B DNA binding activity. 
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A549(C) and H1299 (D) were treated with or without of delta-tocotrienol. NSCLC cells for 48 h.   
The expressions of VEGF and MMP9 were analyzed by real-time-RT-PCR. Relative gene 
expressions were presented as means ± S.E.M of three independent experiments.*P<0.05, **P< 
0.01.  
 
 
 
Figure 3.6: Delta-tocotrienol inhibits cell migration and invasion 
A and B, Dose-dependent inhibition of NSCLC cells invasion by delta-tocotrienol. A549 and 
H1299 cells were seeded treated seeded into Matrigel-coated inserts with delta-tocotrienol or 
DMSO. Cells that invaded to the lower surface of the insert over a period of 20 h were stained 
with crystal violet dye. Five random fields were counted for the number of invaded NSCLC 
40 
 
 
cells. Cell invasion were presented as means ± S.E.M of three independent experiments.*P<0.05, 
**P< 0.01.  
C and D, Dose-dependent inhibition of NSCLC cells migration by delta-tocotrienol using the 
wound healing assay. Uniform wounds were done by scratching in confluent cultures which were 
treated with delta-tocotrienol over 20 h. After that, the wound healing images were captured 
using a microscope at 10 × objective. 
 
 
Figure 3.7: Molecular pathways induced by delta-tocotrienol on NSCLC cells. 
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Abstract 
MicroRNAs (miRNAs) are small non-coding RNAs that play critical roles in regulating various 
cellular functions by transcriptional silencing. MiRNAs can function as either oncogenes or 
tumor suppressors (oncomirs), depending on cancer types.  In this study, using miRNA 
microarray, we observed that down-regulation of the Notch-1 pathway, by delta-tocotrienol, 
correlated with up-regulation of miR-34a, in non-small cell lung cancer cells (NSCLC). 
Moreover, re-expression of miR-34a by transfection in NSCLC cells resulted in inhibition of cell 
growth and invasiveness, induction of apoptosis and enhanced p53 activity. Furthermore, cellular 
mechanism studies revealed that induction of miR-34a decreased the expression of Notch-1 and 
its downstream targets including Hes-1, Cyclin D1, Survivin, and Bcl-2. Our findings suggest 
that delta-tocotrienol is a non-toxic activator of mir-34a which can inhibit NSCLC cell 
proliferation, induce apoptosis, and inhibit invasion, thus offering a potential starting point for 
the design of novel anticancer agents. 
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Introduction 
Lung cancer is the leading cause of death among all malignant diseases, with non-small cell lung 
carcinoma (NSCLC) reported to have a five-year survival rate of only 16%, accounting for 80% 
of all lung cancer cases(10). Clinical data has demonstrated that 30% of NSCLC cases have 
increased Notch activity while 10% have  gain-of-function mutation of the Notch-1 gene(39). 
After a series of proteolytic cleavages, the active form of Notch translocates from the cell 
membrane into the nucleus(36). Subsequently, Notch combines with other transcription factors 
to regulate the expression of its target genes, such as cyclin D1, Bcl-2, and Survivin(37, 38). 
Since Notch signaling regulates critical cell fate decisions, alterations in Notch signaling are 
associated with tumorigenesis. Indeed, Notch expression has been reported to be up-regulated in 
different types of cancers including colon, lung, head and neck, and pancreatic cancers(39, 40, 
42, 86). Overexpression of Notch-1 has been shown to inhibit apoptosis in many human 
cancers(43, 44), suggesting its potential as a therapeutic target. Recently, Notch-1 has been 
reported to stimulate survival of NSCLC cells during hypoxia by activating  the IGF pathway 
(45).  As a Notch downstream target, cyclin D1 expression is another indicator of poor prognosis 
in resectable NSCLC (87). Cyclin D1 is cell cycle regulator protein expressed during the G1 
phase and drives the G1/S phase transition. Likewise, overexpressions of cyclin D1 have been 
found in other types of cancers such as breast, bladder, and colorectal cancers (86-88).  
MicroRNAs (miRNAs) are small non-coding RNAs that are involved in posttranscriptional gene 
regulation (53). These molecules silence expression of their target genes by directly interacting 
with the 3’-untranslated region (3’-UTR) of mRNA and promoting RNA degradation as well as 
inhibiting transcription. Accumulating data demonstrates that miRNAs play important roles in 
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cancers by regulating the expression of various oncogenes and tumor suppressors genes
 (54),(88).
  
For example, reduced expression of let-7 has been shown to be associated with shortened 
postoperative survival in lung cancer patients(57). Therefore, it is important to investigate the 
relationship between miRNA and the Notch signaling pathway. It is also important to find novel 
agents that could regulate the miRNA and Notch-1 pathway which could be useful for the 
treatment of NSCLC in the future.   
It has been demonstrated that tocotrienols can induce apoptosis by inhibiting multiple signaling 
pathways such as the EGFR, NF-κB, MAPK, and PI3K/AKT pathways (76). Previously, we 
provided experimental evidence showing that delta-tocotrienol inhibited Notch-1 signaling, cell 
proliferation, invasion and induced apoptosis in NSCLC cells(89). In this study, we report that 
inhibition of NSCLC cell growth and induction of apoptosis by delta-tocotrienol due to 
modulation of Notch-1 pathway occurs via alteration of specific miRNA expression.  
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Materials and Methods 
Cell culture, reagents and antibodies:  
Human NSCLC cell lines (A549 and H1650) obtained from ATCC were grown in RPMI1640 
medium (Mediatech, Manassas, VA) supplemented with 10% fetal bovine serum and 1% 
penicillin and streptomycin in 5% CO2. Pure delta-tocotrienol was a kind gift from American 
River Nutrition, Inc (American River Nutrition, Hadley, MA). Protease inhibitor cocktail was 
obtained from Sigma (St. Louis, Mo). Primary antibodies for cyclin D1, β-actin and cell lysis 
buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 
mM sodium pyrophosphate, 1 mM beta-glycerophosphate, 1 mM Na3VO4, 1 µg/ml leupeptin) 
were purchased from Cell Signaling Technology (Danvers, MA). Primary antibodies against 
Notch-1, Hes-1, Survivin, Bcl-2, and p53 were bought from Santa Cruz Biotechnology (Santa 
Cruz, CA).  The secondary antibodies were purchased from Bio-Rad Laboratories (Hercules, 
CA).   
MicroRNA microarray analysis:  
MicroRNA expression of 84 miRNA was measured using the RT
2
 miRNA PCR array system 
(SABiosciences, MD) according to the manufacturer’s instructions. The Eppendorf realplex 4 
system (Hauppauge, NY) was used for all PCR reactions. Data analysis was performed using the 
RT
2
 Profiler PCR Array Data Analysis (SABiosciences, MD). The expressions of all the 
miRNAs were normalized to hsa-SNORD-44. Further, DIANA-microT was used to predict the 
target genes.  
MiRNA real-time reverse transcriptase-PCR:  
To validate the altered expression of the miRNA (miR-34a) that was found by miRNA array 
analysis, we first converted the miRNA to cDNA using RT² First-Stand cDNA Synthesis Kit 
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(SABiosciences, MD). This was followed by real-time miRNA reverse transcriptase-PCR (RT-
PCR) analysis using miR-34a and snord-44 primers from SABiosciences (SABiosciences, MD) 
to validate data from the microarrays.  
MiRNA-34a transfection: 
A549 and H1650 cells were seeded in six-well plates at a density of two million per well for 24h 
and then transfected with pre-miRNA-34a (miR-34a), miRNA-negative control (negative 
control) or miRNA-34 inhibitor (AS-miR-34a) at a final concentration of 10 nmol/L using 
DharmaFect Transfection Reagent (Dharmacon, CO). For the combination treatment of miRNA-
34 inhibitor and delta-tocotrienol, A549 and H1650 cells were transfected with AS-miR-34a for 
6 h, and then delta-tocotrienol stock solution was added to each well for a final concentration of 
20 µM. After 72 h of incubation, the cells were subjected to different experiments as outlined 
below. 
Cell viability studies by MTS assay:  
The A549 and H1650 cells (5 ×10
3
) were seeded in a 96-well culture plate. After overnight 
incubation, the medium was removed and replaced with transient transfection medium 
containing either negative control, miR-34a, delta-tocotrienol or the combination of delta-
tocotrienol and Anti-sense (AS)-miR-34a. After 72 h of incubation, 20 μl of CellTiter 96 
AQueous One Solution Reagent (Promega, Madison, WI) was added to each well. After 2 h 
incubation at 37 °C in a humidified, 5% CO2 atmosphere, the absorbance at 490 nm was 
recorded on ELx800 plate reader (Bio-Tek, Winooski, VT). Each variant of the experiment was 
performed in triplicate. 
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Histone/DNA ELISA for detection of apoptosis: 
The Cell Death Detection ELISA Kit (Roche, Palo Alto, CA) was used to quantify apoptosis in 
NSCLC cells. Briefly, 2 x10
5 
cells were seeded in six-well plates. After 24 h incubation, cells 
were treated with transient transfection medium containing either negative control, miR-34a, 
delta-tocotrienol or the combination of delta-tocotrienol and AS-miR-34a for 72 h. The cells 
were then lysed, and cytoplasmic histone/DNA fragments were extracted and incubated in 
microtiter plate modules coated with anti-histone antibody. In order to detect the immobilized 
histone/DNA fragment, peroxidase-conjugated anti-DNA antibody was used before color 
development with ABTS substrate for peroxidase. The spectrophotometric absorbance of the 
samples at 405 nm was determined by using ELx800 plate reader (Bio-Tek, Winooski, VT). 
Clonogenic assay: 
Cells (2x10
5
) were seeded in six-well plates for 24h. Subsequently, the cells were cultured with 
transfection medium containing either negative control or miR-34a for 72 h. This was followed 
by counting of the viable cells which were then plated in 100 mm dishes at 1,000 cells per plate. 
The cells were then incubated for 21 days at 37°C in a 5% CO2 incubator. All the colonies were 
fixed in 4% Paraformaldehyde and stained with 2% crystal violet.  
Annexin V-FITC method for apoptosis analysis: 
Annexin V-FITC apoptosis detection kit (BD, San Jose, USA) was used to measure the apoptotic 
cells. Briefly, A549 and H1650 cells were incubated in the presence of either negative control, 
miR-34a, delta-tocotrienol or the combination of delta-tocotrienol and AS-miR-34a for 72 h. 
Cells were trypsinized, washed twice with ice-cold PBS and re-suspended in 1 X binding buffer 
at a concentration of 10
5
/ml cells in a total volume of 100 µl. After that, 5 µl of Annexin V-FITC 
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and 5 µl of PI (Propidium Iodide) were added. All the samples were kept in the dark for 20 min 
at room temperature. Finally, 400 µl of 1 X binding buffer was added to each tube and the 
number of apoptotic cells was analyzed by flow cytometry (BD, San Jose, CA). 
Flow cytometry and cell cycle analysis: 
Four million cells were seeded in 100 mm dish incubated overnight. Subsequently, all the cells 
were starved for another 24 h. After that, the cells were released to transient transfection medium 
containing either negative control, miR-34a, delta-tocotrienol or the combination of delta-
tocotrienol and AS-miR-34a for 72 h, followed by collection and fixing with ice-cold 70% (v/v) 
ethanol for 24 h. After centrifugation at 3000× g for 5 min, the cell pellet were washed with PBS 
(pH 7.4) and resuspended in PBS containing propidium iodide (50 μg/mL) and DNase-free 
RNase (1 μg/mL). Samples were then incubated at room temperature for 2 h, and the DNA 
content was determined by flow cytometry using a FAC Scan flow cytometer (BD, San Jose, 
CA).   
Cell invasive assay: 
BD Biocoat invasion kit (BD, San Jose, CA) was used to evaluate the tumor invasive ability. 
Two million cells were seeded in six-well plates. Cells were then cultured with transient 
transfection medium containing negative control or miR-34a for 72 h. Subsequently, 0.5 x 10
5 
cells of A549 and H1650 with basal media were transferred into the upper chamber of each 6-
well plate.  In the meantime, three milliliter of culture medium with 10% FBS was added into 
each lower chamber of the 6-well plate. After 20 h incubation, the cells in the upper chamber 
were removed using a cotton swab. Each experimental condition was performed in triplicate. The 
cells were fixed in 4% Paraformaldehyde and stained with 2% crystal violet for 10 mins. The 
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stain in the cells was then dissolved in 20% acetic acid and the absorbance measured using 
ELx800 plate reader (Bio-Tek, Winooski, VT) at 570 nm. 
Protein extraction and western blotting: 
A549 and H1650 cells were treated with negative control, miR-34a, delta-tocotrienol, AS-miR-
34a or the combination of delta-tocotrienol and AS-miR-34a for 72 h to evaluate the effects of 
treatment on Notch-1, Hes-1, Bcl-2, cyclin D1, and β-actin expressions. Cells were lysed in the 
cold lysis buffer for 30 minutes on ice. Protein concentrations were determined using the 
Bradford protein assay kit (Bio-Rad Laboratories, CA). Each sample contained 50μg of total cell 
lysates. The samples were subjected to 10% SDS-polyacrylamide gel electrophoresis. After 
electrophoresis, the proteins were transferred to a nitrocellulose membrane (Whatman, Clifton, 
NJ) using transfer buffer (25mM Tris, 190mM glycine, 20% methanol) in a Hoefer TE70XP 
transfer apparatus (Holliston, MA). The membranes were incubated for 1 hour at room 
temperature with 5% nonfat dried milk in 1 x TBS buffer containing 0.1% Tween (TBS-T) 
Subsequently, the membranes were incubated over night at 4°C with primary antibodies 
(1:1000). The membranes were washed 3 times with TBS-T, and subsequently incubated with 
the secondary antibodies (1:5000) containing 2% BSA for 2 hours at room temperature. The 
signal intensity was measured by chemiluminescent imaging using a chemiDoc XRS imager 
(Bio-Rad Laboratories, CA). 
Immunostaining assay and confocal microscopy 
Single cell suspensions of A549 and H1650 cells were prepared and plated in Millicell® EZ 
slide (Milipore, MA). After transfection with negative control or miR-34a as described above, 
the cells were washed with 1× PBS, and fixed with 4% paraformaldehyde for 
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immunofluorescence staining. After washing 3 times with 1x PBS, cells were blocked in PBS 
containing 1% BSA for 2 h at room temperature and incubated with a mouse anti-p53 in 
blocking buffer for 2 h at room temperature. Cells were then incubated with Alexa Fluor 488 -
conjugated anti-mouse IgG (1:50 dilution) for 1 h at room temperature and mounted with 30 µl 
of the ProLong Gold antifade reagents (Invitrogen, CA). The p53 labeled cells were 
photographed under Nikon Eclipse 80i confocal microscope (Nikon, CA) using software Nikon 
Elements built in the microscope. 
Data Analysis: 
Results were analyzed using GraphPad Prism 4.0 (Graph Pad Software, La Jolla, CA) and are 
expressed as means± SEM. Statistical comparisons between groups were conducted using one-
way ANOVA. Values of p<0.05 were considered to be statistically significant and individual p-
values are reported in the figures. 
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Results 
Treatment of NSCLC cells with delta-tocotrienol showed increased expression of miR-34a 
In order to investigate the differences in miRNA expression in NSCLC cell line (H1650) upon 
treatment by delta-tocotrienol, we conducted a miRNA array analysis using the RT
2
 miRNA 
PCR array system (SABiosciences, MD). We found that miR-34a expression was 4-fold higher 
in the H1650 cells treated with delta-tocotrienol compared with untreated H1650 cell (Fig. 4.1 
A). The results from the miRNA array were validated by miRNA RT-PCR analysis upon 
treatment of delta-tocotrienol (Fig. 4.1 B and 4.1 C). As indicated in Fig 1B, there was a 
significant (p<0.05) increase in miR-34a expression in the delta-tocotrienol treated A549 cells 
compared to controls in dose dependent and time dependent manner. Similarly, a significant 
increase in miR-34a expression was also observed in H1650 cells in a dose and time dependent 
manner (Fig 4.1 C). Since delta-tocotrienol has been shown to have anti-cancer effects in 
different cancer cell lines(89, 90), these results suggest that miR-34a could be an inhibitory 
molecule for cancer development and progression and that delta-tocotrienol could inhibit the 
progression of NSCLC through induction of miR-34a in NSCLC cells. Based on the results of 
these PCR data, a 20 µM concentration of delta-tocotrienol was selected for evaluations of its 
effects in further experiments.   
The efficiency of re-expression of miR-34a in NSCLC cells 
In order to elucidate the role of miR-34a in the proliferation of NSCLC, we tested the 
transfection efficiency of miR-34a in NSCLC cells. As shown in the Fig 4.2 A and 4.2 B, the 
relative expression of miR-34a was induced after 4 h transfection in both A549 and H1650 cell 
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lines. The relative expressions of miR-34 after 72 h transfection, were about 118 and 120 fold-
higher than the controls in the A549 and H1650 cell lines, respectively.  
Re-expression of miR-34a inhibited proliferation of NSCLC cells 
To investigate the role of miR-34a in the regulation of cell proliferation, we transfected A549 
and H1650 cells with negative control, miR-34a, delta-tocotrienol or the combination of delta-
tocotrienol and AS-miR-34a for 72 h followed by MTS assay. We found that re-expression of 
miR-34a significantly inhibits cell proliferation in A549 and H1650 cells. The re-expression of 
miR-34a for 72 h resulted in approximately 60% of cell growth inhibition relative to negative 
control in both A549 and H1650 cell lines. As shown in Figs 4.2 C and 4.2 D, there was no 
significant difference in cell viability of cells transfected with the negative control and the 
control cells. The negative control, was therefore used as the control for further experiments. 
Conversely, transfection of both A549 and H1650 cells with AS-miR-34a, knockdown of miR-
34a, resulted in a loss of sensitivity to delta-tocotrienol treatment. In A549 cells, cell 
proliferation was inhibited by 74% with delta-tocotrienol alone while the combination treatment 
of AS-miR-34a and delta-tocotrienol reduced it by only 57%. Similarly, for the H1650 cells, 
inhibition of proliferation decreased from 80% induced by delta-tocotrienol alone to 69% 
induced by combination treatment of AS-miR-34a and delta-tocotrienol. Taken together, these 
results indicate that re-expression of miR-34a in NSCLC cells can inhibit cell proliferation as 
compared with the controls. 
To confirm the effects of miR-34 re-expression on cells growth, clonogenic assays on A549 and 
H1650 were performed. Fig.4.2 E and 4.2 F show significant inhibition of colony formation by 
miR-34a reexpression compared to the negative control. Overall, the results from the clonogenic 
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assay were consistent with the MTS data shown in Fig. 4.2 C and 4.2 D, confirming that miR-
34a significantly inhibits the proliferation of NSCLC cells 
Induction of apoptosis by re-expression of miR-34a  
Since inhibition of cell growth could also result from apoptosis induced by re-expression of miR-
34a, we further investigated whether re-expression of miR-34a could induce apoptosis by two 
different approaches. As shown in Fig. 4.3 A, our histone/DNA ELISA data demonstrates that 
apoptosis induced by re-expression of miR-34 in A549 cells is about 1.8 folds greater than that 
induced in the control. Likewise, in the H1650 cell line (Fig. 4.3B), the re-expression of miR-34a 
induced approximately three times the amount of apoptosis as compared with the control.  
The ELISA data, was further confirmed by Annexin V/PI staining analysis in H1650 cells (Fig. 
4.3 C). Consistent with our ELISA data, the re-expression of miR-34a initiated about 18% 
apoptosis as compared to 10% in the control cells. Conversely, a decrease in apoptosis from 61% 
in control cells treated with delta tocotrienol to 55% in the miR-34a knockdown cells, under 
treatment with delta-tocotrienol was observed.  Collectively, our results suggest that miR-34 
reexpression caused a statistically significant (p < 0.05) increase in the percentage of apoptotic 
cells in NSCLC cell lines. 
 
Analysis of cell cycle distribution after re-expression of miR-34a 
In order to further investigate cell growth inhibition by reexpression of miR-34a, cell cycle 
distributions were examined using propidium iodide staining followed by flow cytometry. As 
demonstrated in Fig. 4.4 A and 4.4 B, both A549 and H1650 cell lines, showed increased G0-G1 
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arrest patterns after reexpression of miR-34a.  For A549 cells (Fig. 4.4 A), there were about 63 
% cells in the G0-G1 phase in the miR-34 overexpression group compared to 55 % in control 
cells. A similar response was observed in the H1650 cells (Fig. 4.4 B) with about 75 % of cells in 
the G0-G1 phase in the miR-34a overexpression group as compared to 57 % in control cells. In an 
effort to confirm our results, we treated both, the A549 and H1650 cells with delta-tocotrienol 
alone or with the combination of delta-tocotrienol and AS-miR-34a. As shown in Fig 4A, we 
found that knockdown of miR-34a deceased the proportion of cells in the G0-G1 phase from 77% 
to 65% upon treatment with delta-tocotrienol in A549 cells. Similarly, knockdown of miR-34a 
caused the decease in the fraction of cells in G0-G1 arrest from 62% to 50% upon treatment with 
delta-tocotrienol in the H1650 cell line (Fig 4.4 B).  
MiR-34a transfection or delta-tocotrienol treatment suppressed Notch-1 and its 
downstream gene expression  
Since previous data from our group demonstrated that delta-tocotrienol inhibited cell growth by 
down-regulation of the Notch-1 pathway(89), we used DIANA-microT to predict whether 
Notch-1 pathway is the target genes of miR-34a. To investigate the role of miR-34a in the 
regulation of cellular signaling, A549 and H1650 cells were transfected with miR-34a for 72 h. 
As shown in Fig 4.5 A and 4.5 B, we found that reexpression of miR-34a in A549 and H1650 
cells resulted in the downregulation of Notch-1 and its downstream molecules such as Hes-1, 
Bcl-2 and Survivin. We also found that the expression of cyclin D1, a key regulator of G1-S cell 
cycle transition, was reduced.  
In order to gain further molecular insight, we assessed whether inactivation of miR-34a by its 
specific inhibitor could lessen the effects of delta-tocotrienol. We found that down-regulation of 
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miR-34a opposes the effects induced by delta-tocotrienol. As shown in Fig. 4.5 A and 4.5 B, 
addition of delta tocotrienol to miR-34a knockdown cells only partially restored delta-
tocotrienols ability to decrease Notch-1 and its downstream signaling molecules, such as Hes-1, 
Surivivin and Bcl-2. Taken together, our findings suggest that delta-tocotrienol inhibited cell 
proliferation and induced apoptosis by downregulating the Notch-1 pathway through miR-34a 
overexpression in NSCLC cells.  
Inhibition of cell invasion by overexpression of miR-34a 
Although effect of miR-34 reexpression on anti-proliferation and induction of apoptosis have 
been shown(91), its effects on tumor cell invasion have not been evaluated so far. Using invasion 
assay, we found that the invasive capacity of A549 (p<0.01) and H1650 (P<0.05) cells was 
significantly decreased by the reexpression of miR-34a compared with the controls. As showed 
in Fig. 4.5 C, reexpression of miR-34a in A549 inhibits invasive capability by 28%. Similarly, 
reexpression of miR-34a in H1650 cells (Fig. 4.5 D) decreases its invasive ability by 20%.  
Re-expression of miR-34a promotes p53 activity 
P53, a tumor suppressor gene, has been shown to play important roles in tumor progression(92) 
and drug responses(93). To determine the effects of miR-34 reexpression on the transcriptional 
activities of the p53, A549 and H1650 cells were transiently transfected with miR-34a or 
negative control (Fig 4.6 A and 4.6 B). We determined the subcellular co-localizations of p53 by 
immunofluorescence and confocal microscopy. Consistent with our apoptosis analysis, DAPI 
staining demonstrated that reexpression of miR-34 induced greater apoptosis in both NSCLC cell 
lines. In addition, confocal microscopy data showed that p53 activity was increased and co-
localized in the nucleus by reexpression of miR-34a as compared with the control in both cell 
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lines. Taken together, these results suggest that miR-34 induced apoptosis via the activation of 
the p53 pathway. 
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Discussion 
Cancer is a genetic disease resulting from the failure in the regulation of cell growth. For 
diseases to occur, the genes which regulate cell growth and differentiation must be altered so as 
to transform a normal cell to a cancer cell (94). Accumulating evidence reveals that pathogenesis 
of cancer is a multistep process of sequential alterations in several, often many, oncogenes, 
tumor-suppressor genes, or miRNA in human cancers including lung cancer(95, 96). MiR-34a 
has been shown to be associated with cancer cell proliferation and drug resistance through E2F 
in colon cancer cells (97). In addition, miR-34a was reported to be down-regulated in different 
cancer cell lines including neuro, melanoma, kidney, breast, and pancreatic cancer cells(98-100). 
Recently, a study showed that NSCLC patients with upregulated miR-34a had better prognosis 
for survival(101). In the current study, we found that miR-34 can be induced by the treatment of 
delta-tocotrienol in NSCLC cells. We also found that reexpression of miR-34a in A549 and 
H1650 NSCLC cells inhibits proliferation, induces apoptosis, and initiates G0/G1 cell cycle 
arrest. Following from our previous data that demonstrated the anti-cancer potential of delta-
tocotrienol in NSCLC cell lines(89), the current results confirm the activity of miR-34a as a 
tumor suppressor and its potential role as one of the key players in the inhibition of NSCLC cells 
by delta-tocotrienol. Moreover, the anti-cancer effects were associated with depressed Notch-1 
signaling. We therefore propose that delta-tocotrienol suppresses the Notch-1 pathway by up-
regulating miR-34a in NSCLC cells.  
The molecular mechanisms involved in the miR-34 mediated inhibition of cell proliferation and 
invasion are still unclear. From our results, we believe that miR-34a inhibits cell proliferation 
and invasion partly through the regulation of Notch-1 signaling pathway. From the DIANA-
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microT database, we found that Notch-1 is the predicted target of miR-34a. Although miR-34 
has been reported to suppress the glioma cell proliferation(91),  regulation of cancer proliferation 
and invasion in NSCLC by Notch-1 is unknown. In our study, we found that the reexpression of 
miR-34a by transfection suppressed the expression of Notch-1 and its target genes including 
Hes-1, Survivin and Bcl-2 in NSCLC cells.  
As a key G1-S cell cycle transition regulator, overexpression of cyclin D1 has been shown to 
promote cell growth and is associated with chemotherapeutic drug resistance(102, 103).  In the 
current study, we found that treatment with delta-tocotrienol can reduce the expression of cyclin 
D1 (Fig 5A and B) in NSCLC cells. Moreover, transfection with miR-34a also inhibited the 
cyclin D1 expression in both NSCLC cell lines (Fig 5A and B). Since cyclin D1 is required for 
G1-S transition, our cell cycle data consistently showed that reexpression of miR-34a in NSCLC 
cells induces G1-S arrest. Specifically, in the lower cyclin D1 expression, the higher percentage 
of cells was arrested in G0-G1 phase compared to control.   
Loss of function of p53, a well-recognized tumor suppressor gene, is associated with the 
pathogenesis of different types of human malignancies (92, 93). Previous studies have shown 
that p53 controls cell-cycle progression, apoptosis, DNA repair, and angiogenesis through up-
regulating miR-34a (98). Other studies have demonstrated that suppression of p53 pathway is 
associated with the activated Notch-1(101, 104). In combination, these studies suggest that there 
might be cross-talk between the p53 and Notch-1 pathways which need further investigations. In 
our study, we found that up-regulation of miR-34a by transfection could induce the activation of 
p53, which translocates into the nucleus and promotes apoptosis in NSCLC (Fig. 6). In addition, 
this activation of p53 is associated with down-regulation of Notch-1 expression. We found that 
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delta-tocotrienol could down-regulate Notch-1 expression and up-regulate the miR-34a 
expression. Thus we propose that delta-tocotrienol suppresses the Notch-1 pathway by up-
regulating miR-34a in NSCLC cells. 
In conclusion, our results demonstrate that delta-tocotrienol can upregulate miR-34a expression, 
inhibit cancer cell proliferation, induce apoptosis, and reduce cancer cell invasion, at least in part 
due to downregulation of Notch-1, the molecular target that is predominately activated in 
NSCLC. Very recently, miR-34a was found to be downregulated in glioblastoma multiforme 
cells and was shown to inhibit cell growth by targeting the Notch-1 pathway. Moreover 
knockdown of notch-1 showed similar cellular functions as overexpression of miR-34a both in 
vitro and in vivo(104). These data corroborate some of work presented here. However further in 
vivo studies in appropriate animal models for NSCLC are needed to establish whether delta-
tocotrienol could be useful in combination with conventional chemotherapeutics or conventional 
targeted agents such as cisplatin and erolitinib for the treatment of NSCLC. 
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Figure Legends: 
Figure 4.1: Delta-tocotrienol induces the overexpression of miR-34a on NSCLC cells 
A, MicroRNA microarray data (Fig 1A) of H1650 cell treated with or without of delta-
tocotrienol. The cut-off lines represent 4-fold change between the control and delta-tocotrienol 
treated H1650 cell. The plot was automatically generated by uploading the CT value to the 
Qiagen website. Differences in the relative expression of microRNA were analyzed between 
control and delta-tocotrienol treated H1650 cell. 
B-C, The microarray data was validated in NSCLC cells, A549 (Fig. 1 B) and H1650 (Fig. 1C) 
using RT-PCR. The left panel in figures 1B and 1C show a time dependent comparative 
expression of miR-34a with 15µM delta-tocotrienol treatment. The right panels in both figures 
represent a dose dependent response of comparative expression of miR-34a at 72 hour time 
point. *p < 0.05, **p < 0.01. 
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Figure 4.2: Anti-proliferative effects by miR-34a re-expression in the NSCLC cells 
A-B, Time response of Transfection efficiencies of miRNA-34a at a final concentration of 10 
nmol/L, normalized to Snord-44 in A549 (Fig.2A) and H1650 (Fig.2B) cell lines.  
C-D, Cell viability of human NSCLC cell lines A549 (Fig.2C) and H1650 (Fig.2D) cells using 
the MTS colorimetric assay. NC: negative control; 34a: pre-miR-34a; AS-34a: Antisense miR-
34a; DT3: delta-tocotrienol.  Vertical bars indicate the mean cell count ± SEM (n = 3).  *p < 0.05 
is considered significant as compared with negative controls. 
E-F, Photomicrographic differences in colony formation by clonogenic assay depicting cell 
survival of human NSCLC cell lines A549 and H1650 cells. NC: negative control; 34a: pre-miR-
34a; AS-34a: Antisense miR-34a; DT3: delta-tocotrienol. 
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Figure 4.3: Induction of apoptotic effects by reexpression of miR-34a in the NSCLC cells 
A and B, A549 and H1650 cells were transfected with containing negative control, miR-34a, 
delta-tocotrienol or the combination of delta-tocotrienol and AS-miR-34a for 72 h. The apoptosis 
of both cell lines were determined by histone/DNA ELISA. 
C, H1650 cell was transfected with negative control, miR-34a, delta-tocotrienol or the 
combination of delta-tocotrienol and AS-miR-34a for 72 h. Apoptosis was determined by 
Annexin V-FITC analysis. The percentage of dead cells (upper left quadrant), live cells (lower 
left quadrant), cells in late apoptosis (PI+/Annexin V+; upper right quadrant) and cells in early 
apoptosis (PI-/Annexin V+; lower right quadrant) are indicated. 
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Figure 4.4: Re-expression of miR-34a induces cell cycle arrest at G0-G1 phase  
A-B, Cell cycle distributions analyzed by using flow cytometry in A549 (A) and H1650 (B) cells 
after 72 hours incubation. NC: negative control; 34a: pre-miR-34a; AS-34a: Antisense miR-34a; 
DT3: delta-tocotrienol. 
 
 
 
 
 
 
 
65 
 
 
Figure 4.5: Down-regulation of Notch-1 and its target genes by Re-expression of miR-34a 
and cell invasion 
A-B, The expressions of Notch-1, Hes-1, Cyclin D1, Survivin, Bcl-2 and β-actin protein were 
analyzed by western blotting analysis followed by chemiluminescence detection in A549 (A) and 
H1650 (B) cells after 72 h treatment. NC: negative control; 34a: pre-miR-34a; AS-34a: 
Antisense miR-34a; DT3: delta-tocotrienol. 
C-D, Inhibition of NSCLC cells invasion ability by miR-34 re-expression using Matrigel-coated 
inserts in A549 (Fig. 5C) and H1650 (Fig. 5D) cells. NC: negative control; 34a: pre-miR-34a; 
Cells that invaded to the lower surface of the insert over a period of 20 h were stained with 
crystal violet dye. Five random fields were counted for the number of invaded NSCLC cells. Cell 
invasion is presented (lower panels) as means ± S.E.M of three independent 
experiments.*P<0.05, **P< 0.01. 
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Figure 4.6: Immunoreactivity with p53 by fluorescent immunocytochemistry 
MiR-34a reexpression induces the p53 expression and apoptosis in NSCLC cells. Fluorescence 
microscopy analysis showing p53 expressions in A549 (A) and H1650 (B) cells upon 
transfection with miR-34a or negative control. The cells were mounted with antifade mounting 
medium and analyzed by confocal microscopy (40X resolution). 
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Abstract 
Non-small cell lung cancer (NSCLC), accounts for 80% of lung cancer, the leading cause of all 
cancer deaths. Previously, we demonstrated that delta-tocotrienol inhibits NSCLC cell 
proliferation, invasion and induces apoptosis by down-regulation of the Notch-1 signaling 
pathway. The objective of this study was to investigate whether delta-tocotrienol, could enhance 
the anticancer effects of the drug, cisplatin, Treatment with a combination of delta-tocotrienol 
and cisplatin  resulted in a dose dependent, significant inhibition of cell growth, migration, 
invasiveness, and induction of apoptosis in NSCLC cells, as compared to the single agents. This 
was associated with a decrease in NF-κB-DNA binding activity, decrease in Notch-1, Hes-1, 
Bcl-2 and increase in cleaved Caspase-3 and PARP expressions. These results suggest that 
down-regulation of Notch-1, via inhibition of NF-κB signaling pathways by delta-tocotrienol and 
cisplatin, in combination, could provide a potential novel approach for tumor arrest in NSCLC, 
while lowering the effective dose of cisplatin. 
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Introduction 
Lung cancer is the leading cause of death among all malignant diseases. It is estimated 
that 226,160 people (116,470 men and 109,690 women) will be diagnosed with this disease and 
of these 160,340 will die of cancer of the lung and bronchus in 2012 (105). Non-small cell lung 
cancer (NSCLC) accounts for 80% of all lung cancer reported and has a poor five-year survival 
rate of only 16% (10). This is partly attributed to the fact that NSCLC progresses undetected 
(asymptomatically) till it has metastasized. Some of the common symptoms for lung cancer 
include persistent cough, chest pain, coughing up blood, hoarseness, weight loss, fatigue and 
recurrent respiratory infections, all of which can be related to other respiratory disease in 
addition to lung cancer and hence are not specific (14). The invasive NSCLC rapidly establishes 
distant metastases in organs including the bones, contralateral lung, liver and brain ahead of 
diagnosis which are lethal for the patients rather than the primary tumors in lung themselves 
(15).  
Another factor contributing to the poor prognosis of NSCLC patients is the lack of 
effective therapy to battle the aggressive disease. According to the American Society of Clinical 
Oncology Clinical Practice, platinum (cisplatin and carboplatin) and non-platinum combination 
therapies are the standard first line of agents used to treat NSCLC patients (12) with Cisplatin 
being the most frequently used chemotherapeutic agent for the treatment of NSCLC.  However, 
the utility of Cisplatin for the clinical management of NSCLC patients is limited by its dose 
related drug resistance. This disappointing outcome strongly suggests that innovative research is 
required to manage this fatal disease. Among the different mechanisms proposed to be involved 
in cisplatin resistance, are changes in cellular uptake and efflux of the drug, increased 
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detoxification of the drug, inhibition of apoptosis and increased DNA repair (106). Also, it has 
been reported that the Notch pathway may play a role in cisplatin induced drug resistance. For 
example, it has been shown that the Notch-1 expression is negatively correlated to cisplatin-
sensitivity of head and neck squamous cell carcinoma, and could be used to predict cisplatin-
sensitivity (107). Moreover, Notch-1 was highly expressed in cisplatin-resistant head and neck 
squamous cell carcinoma patients suggesting that the overexpression of Notch-1 crosstalk 
induces the reprogrammed survival pathways in head and neck squamous cell carcinoma 
responding to chemotherapy (108). Similarly, up-regulation of Notch-1 is associated with the 
cisplatin resistance in ovarian cancer cell lines (109). In addition, concurrent inhibition of Notch-
1 pathway and use of cisplatin elicits a striking induction of colorectal cancer cell death (110).  
These results support the notion that inactivation of Notch pathway could sensitize the patients 
who are likely to respond to cisplatin. 
Notch signaling plays an important role in cell proliferation and apoptosis (31). Since 
Notch signaling regulates critical cell fate decision, alterations in Notch signaling are associated 
with tumorigenesis. It has been found that Notch signaling is frequently dysregulated with up-
regulated expression in different types of cancers such as lung, colon, head and neck, pancreatic 
(39-42). Overexpression of Notch-1 has been shown to inhibit apoptosis in different types of 
cancers (43, 44). Clinical data has demonstrated that 30 % of NSCLC has increased Notch 
activity and 10% of NSCLC has gain-of-function mutation on Notch-1 gene (39). These data 
suggest Notch could be considered as a therapeutic target. 
Previously, we demonstrated that treatment of NSCLC cells with delta-tocotrienol 
resulted in a dose and time dependent inhibition of cell growth, cell migration, tumor cell 
71 
 
 
invasiveness, and induction of apoptosis (89). Real-time RT-PCR and Western blot analysis 
showed that antitumor activity by delta-tocotrienol was associated with a decrease in expression 
of Notch-1, Hes-1, Survivin, MMP-9, VEGF, and Bcl-2. In addition, there was a decrease in 
nuclear factor-kappaB (NF-κB) DNA binding activity (89). It is of interest to see whether a 
combination of delta tocotrienol and cisplatin may be an effective therapy against NSCLC, while 
sensitizing the cells against acquired drug resistance. The objective of this study was to 
investigate the growth inhibitory effects of a low dose treatment of cisplatin in combination with 
delta-tocotrienol and further to demonstrate the effect of the combination on intracellular 
signaling mechanisms. 
Materials and Methods 
Cell culture, reagents and antibodies:  
Human NSCLC cell lines, including A549, H1650 obtained from ATCC were grown in 
DMEM medium (Mediatech, Manassas, VA) supplemented with 10% fetal bovine serum and 1% 
penicillin and streptomycin in 5% CO2. Pure delta-tocotrienol was a kind gift from American 
River Nutrition, Inc (American River Nutrition, Hadley, MA). Protease inhibitor cocktail was 
obtained from Sigma (St. Louis, Mo). Primary antibodies for cleaved Caspase 3, PARP, β-actin 
and cell lysis buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl , 1 mM Na2EDTA , 1 mM EGTA , 
1% Triton, 2.5 mM sodium pyrophosphate , 1 mM beta-glycerophosphate, 1 mM Na3VO4 , 1 
µg/ml leupeptin) were purchased from Cell Signaling Technology (Danvers, MA). Primary 
antibodies against Notch-1, Hes-1, Bcl-2 were bought from Santa Cruz Biotechnology (Santa 
Cruz, CA). The secondary antibodies were bought from Bio-Rad Laboratories (Hercules, CA).  
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Cell viability studies by MTS assay:  
The A549 and H1650 cells (5 ×10
3
) were seeded in a 96-well culture plate after overnight 
incubation,  medium was removed and replaced with a fresh medium containing DMSO (vehicle 
control), delta-tocotrienol alone, cisplatin alone, or the combination of delta-tocotrienol and 
cisplatin. After 72 h of incubation, 20μl of CellTiter 96 AQueous One Solution Reagent 
(Promega, Madison, WI) was added to each well. After 2 h incubation at 37°C in a humidified, 
5% CO2 atmosphere, the absorbance at 490nm was recorded on ELx800 plate reader (Bio-Tek, 
Winooski, VT). Each variant of the experiment was performed in triplicate. 
 
Clongenic assay: 
One million cells were seeded in 100 mm dish per plate, incubated overnight. 
Subsequently, the cells were cultured in the presence of control medium, delta-tocotrienol 
(15µM) alone, cisplatin (4 µM) alone, or the combination of delta-tocotrienol (15µM) and 
cisplatin (4 µM), grown for 72 h. Later, the viable cells were counted and plated in 100 mm 
dishes in a range of 1,000 cells per plate. The cells were then incubated for 21 days at 37°C in a 
5% CO2 incubator. All the colonies were fixed in 4% Paraformaldehyde and stained with 2% 
crystal violet.  
 
Histone/DNA ELISA for detection of apoptosis: 
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The Cell Death Detection ELISA Kit (Roche, Palo Alto, CA) was used to detect 
apoptosis in NSCLC cells. Briefly, 10
5 
Cells were seeded in six-well plates. After 24 h 
incubation, cells were treated in the presence of control medium, delta-tocotrienol (15µM) alone, 
cisplatin (4µM) alone, or the combination of delta-tocotrienol (15 µM) and cisplatin (4 µM) for 
72 h. The cells were then lysed, and cytoplasmic histone/DNA fragments were extracted and 
incubated in microtiter plate modules coated with anti-histone antibody. In order to detect the 
immobilized histone/DNA fragment, peroxidase-conjugated anti-DNA antibody was used before 
color development with ABTS substrate for peroxidase. The spectrophotometric absorbance of 
the samples was determined by using ELx800 plate reader (Bio-Tek, Winooski, VT) at 405 nm.  
 
Annexin V-FITC method for apoptosis analysis: 
Annexin V-FITC apoptosis detection kit (BD, San Jose, USA) was used to measure the 
apoptotic cells. Briefly, A549 and H1650 cells were incubated in the presence of control 
medium, delta-tocotrienol (15 µM) alone, cisplatin (4 µM) alone, or the combination of delta-
tocotrienol (15 µM) and cisplatin (4 µM) for 72 h. Cells were trypsinized, washed twice with ice-
cold PBS and re-suspended in 1 X binding buffer at a concentration of 10
5
/ml cells in a total 
volume of 100 µl. After that, 5 µl of Annexin V-FITC and 5 µl of PI (Propidium Iodide) were 
added. All the samples were kept in the dark for 20 min at room temperature. Finally, 400 µl of 1 
X binding buffer was then added to each tube and the number of apoptotic cells was analyzed by 
flow cytometry (BD, San Jose, CA). 
 
Wound healing assay: 
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A549 and H1650 were seeded in a six well plate at the concentration of 4x10
5
 cells per 
well. After overnight incubation, the culture media was removed and a scratch wound across 
each well was made using fine tips. All the wound areas were washed by PBS for three times to 
make sure no loosely held cells attached. Subsequently, the cells were cultured in the presence of 
control medium, delta-tocotrienol (15 µM) alone, cisplatin (4 µM) alone, or the combination of 
delta-tocotrienol (15 µM) and cisplatin (4 µM). The wound images were taken as 0 h. After 20h, 
wound healing pictures were taken under microscope.  
 
Cell invasive assay: 
BD Biocoat invasion kit (BD, San Jose, CA) was used to evaluate the tumor invasive 
ability. Briefly, around 2.5 x 10
5 
cells of A549 and H1650 with basal media were transferred in 
each 6-well upper chamber in the presence of control medium, delta-tocotrienol (15 µM) alone, 
cisplatin (4 µM) alone, or the combination of delta-tocotrienol and cisplatin. In the meantime, 3 
ml of culture medium with 10% FBS was added into each lower chamber of 6-well plate. After 
20 h incubation, the cells on the upper chamber were removed using cotton stick. Each of 
experimental conditions was performed in duplicates. The cells were fixed in 4% 
paraformaldehyde and stained with 2% crystal violet. The spectrophotometric absorbance of the 
samples was determined by using ELx800 plate reader (Bio-Tek, Winooski, VT) at 570 nm.  
 
Protein extraction and western blotting: 
A549 and H1650 cell lines were treated in the presence of control medium, delta-
tocotrienol (15 µM) alone, cisplatin (4 µM) alone, or the combination of delta-tocotrienol (15 
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µM) and cisplatin (4 µM) for 72 hours to evaluate the effects of treatment on Notch-1, Hes-1, 
PARP, Survivin, Bcl- -actin expressions. Cells were lysed in the cold lysis buffer for 30 
minutes on ice. Protein concentrations were determined using the Bradford protein assay kit 
(Bio-Rad Laboratories, CA). Each sample contained 50μg of total cell lysates. The samples were 
loaded on 10% SDS-polyacrylamide gel electrophoresis. After that, the gel was transferred to a 
nitrocellulose membrane (Whatman, Clifton, NJ) using transfer buffer (25mM Tris, 190mM 
glycine, 20% methanol) in Hoefer TE70XP transfer apparatus (Holliston, MA). The membranes 
were incubated for 1 hour at room temperature with 5% nonfat dried milk in 1 x TBS buffer 
containing 0.1% Tween. After that, membranes were incubated over night at 4°C with primary 
antibodies (1:1000). The membranes were washed 3 times with TBS-T, and subsequently 
incubated with the secondary antibodies (1:5000) containing 2% BSA for 2 hours at room 
temperature. The signal intensity was then measured by chemiluminescent image with chemiDoc 
XRS (Bio-Rad Laboratories, CA) 
 
Real-time quantitative PCR for gene expression analysis: 
Total RNA was isolated using RNeasy Mini Kit from QIAGEN (Valencia, CA, USA) 
according to the manufacturer’s protocols. Two microgram of total RNA from each sample was 
subjected to first strand cDNA synthesis using TaqMan reverse transcription reagents kit 
(Applied Biosystems, Foster City, CA) in a total volume of 20 µl. Reverse transcription reaction 
were performed at 25ºC for 10 min, followed by 48ºC for 30 min and 95ºC for 5 min. Real-time 
PCR analysis were performed using Eppendorf Realplex 4 system (Hauppauge, NY). The 
sequences of the primers sets used for this analysis are as follows: MMP-9, forward primer (5'-
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CGG AGT GAG TTG AAC CAG-3') and reverse primer (5'-GTC CCA GTG GGG ATT TAC-
3'); VEGF, forward primer (5'-GCC TTG CCT TGC TGC TCT AC-3') and reverse primer (5'-
TTC TGC CCT CCT CCT TCT GC-3'); GAPDH, forward primer (5'-CAG TGA GCT TCC 
CGT TCAG-3') and reverse primer (5'-ACC CAG AAG ACT GTG GAT GG-3'); All these 
primers are checked by running them on virtual PCR, and primer concentration was optimized to 
avoid primer dimer formation. Real-time PCR amplifications were performed using 2 × SYBR 
Green PCR Master Mix (Applied Biosystems). Two microliter of RT reaction was used for a 
total volume of 25 microliter quantitative PCR reactions. The thermal profile for SYBR real-time 
PCR was 95ºC 10 min, followed by 50 cycles of 95ºC 15 s and 60ºC 1 min. Data were analyzed 
according to the comparative fold increases or decrease in gene expression determined by 
quantitation of normalized by GAPDH expression in each sample.  
 
Microwell colorimetric NF-κB assay for measuring NF-κB activity: 
TransAM™ Transcription Factor ELISAs kit for P65 (Avtive Motif, Carlsbad, CA) was 
used to evaluate the binding activity of NF-κB according to the protocol.  Briefly, one million of 
A549 and H1650 Cells were seeded in 100 mm dish. After 24 h incubation, cells were treated in 
the presence of control medium, delta-tocotrienol (15 µM) alone, cisplatin (4 µM) alone, or the 
combination of delta-tocotrienol (15 µM) and cisplatin (4 µM) for 72 h. After that, nuclear 
protein was extracted from each sample using nuclear protein extraction kit according to the 
protocol (Pierce, Rockford, IL).  Two microgram of each sample was incubated in the microplate 
coated with anti-p65 DNA sequence.  In order to dectect the p65-DNA binding complex, 
peroxidase-conjugated anti-DNA antibody was used before color development with ABTS 
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substrate for peroxidase. The chemillumiance of the samples was determined by using chemiDoc 
XRS (Bio-Rad Laboratories, CA). The volume of each sample was determined by Quantity One 
software (Bio-Rad Laboratories, CA). 
Data Analysis: 
Results were expressed as means± SEM and analyzed using GraphPad Prism 4.0 (Graph 
pad Software, La Jolla, CA). Statistical comparisons between groups were done using one-way 
ANOVA. Values of p<0.05 were considered to be statistically significant and individual p-values 
are reported in the figures, separately. Calcusyn (Biosoft, United Kingdom) was used to analyze 
the combination effect of delta-tocotrienol and cisplatin.  
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Results: 
Delta-tocotrienol enhances the effects of cisplatin to inhibit the growth of NSCLC Cells. 
In order to test the effects of delta-tocotrienol, cisplatin and their combination on cell 
growth, A549 and H1650 cells were treated with control medium, delta-tocotrienol alone, 
cisplatin alone, or the combination of delta-tocotrienol and cisplatin for 72 h separately followed 
by MTS assay. As shown in figure 5.1 A (A549) and B (H1650), a significant potentiation in the 
inhibition of cell growth was observed by combination of delta-tocotrienol and cisplatin 
compared to single agents in both A549 and H1650 cells respectively. In A549 cell line, 
combination treatment with 7.5 µM of delta-tocotrienol and 2 µM of ciplatin, 15 µM of delta-
tocotrienol and 4 µM of ciplatin, and 30 µM of delta-tocotrienol and 8 µM of ciplatin for 72 h 
resulted in 25%, 55%, and 92% of cell growth inhibition relative to control, respectively. 
Similarly, treatment of H1650 cell line with these combinations for 72 h resulted in 32%, 56%, 
and 91% of cell growth inhibition, respectively, relative to control. Based on the MTS results, we 
select 15 µM of delta-tocotrienol and 4 µM of ciplatin to perform further experiments. 
 
Delta-tocotrienol and/or cisplatin inhibit clonogy formation in NSCLC cells. 
In order to confirm the effects of delta-tocotrienol and cisplatin on cells growth, A549 
and H1650 cells were treated with each of the single agents or their combination and assessed for 
cell viability by clonogenic assay. As shown in the Fig. 5.1 C (A549) and D (H1650), the 
combination treatment of delta-tocotrienol and cisplatin resulted in a significant inhibition of 
colony formation compared to either agent alone or the control in both NSCLC cell lines.  
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Overall, the results from the clonogenic assay were consistent with the MTS shown in Fig. 1A 
and 1B. The molecular mechanisms understanding NSCLC cell growth inhibition were further 
investigated, and the results are presented in the following sections.  
 
Delta-tocotrienol and/or cisplatin induced Apoptosis in NSCLC cells 
Since inhibition of cell growth could also result from apoptosis induced by delta-
tocotrienol and cisplatin, we further investigated whether delta-tocotrienol, cisplatin and in 
combination could induce apoptosis in both cell lines by two different approaches, histone/DNA 
ELISA and the Annexin V/PI staining. The effects of delta-tocotrienol (15 µM), cisplatin (4 µM) 
individually and in combination were tested using ELISA in both cell lines. As shown in Fig. 5.2 
A (A549) and Fig. 2B (H1650), exposure of A549 and H1650 to delta-tocotrienol (15 µM) and 
cisplatin (4 µM) for 72 h significantly enhanced apoptosis. In addition, the combination of delta-
tocotrienol (15 µM) and cisplatin (4 µM) further increased apoptosis in both cell lines.  
The Annexin V/PI staining data confirmed apoptosis-inducing effect of delta-tocotrienol 
and/ cisplatin treatment in both cell lines tested (Fig. 5.2 C and D), respectively. In A549 cell 
line (Fig. 5.2 C), the combination treatment of delta-tocotrienol and cisplatin induced 48.06% 
apoptosis as compared with 14.35% with delta-tocotrienol (15 µM) and 16.20% in cisplatin (4 
µM) treatments alone. Similarly, in H1650 cell line (Fig. 5.2 D), the combination treatment of 
delta-tocotrienol and cisplatin induced 44.59% apoptosis as compared with 17.68% with delta-
tocotrienol (15 µM) and 19.79% in cisplatin (4 µM) treatments alone. These results are 
consistent with those from the MTS assay, suggesting that the potentiation in overall cell growth 
inhibition by the combination could in part be due the induction of apoptosis in both NSCLC cell 
lines. 
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Isobologram analysis. 
As both delta-tocotrienol and cisplatin alone induce apoptosis in various cancer cells, we 
wanted to verify the effect of the combination of delta-tocotrienol and cisplatin treatment in 
A549 and H1650 cell lines. As shown in Fig. 6.3 A and Fig. 6.3 B, the combination index as 
calculated by the calsusyn software of ED75 found to be 1.06 (A549) and 1.05 (H1650) 
respectively. According to the combination definitions, these results confirm the additive effects 
between delta-tocotrienol and cisplatin in NSCLC cells.  
 
Delta-tocotrienol and/or cisplatin attenuate the Notch-1 signaling pathways. 
Thus far, our results have shown that delta-tocotrienol, cisplatin and their combination 
inhibited cell growth and induced apoptotic cell death in NSCLC cells. Our previous data 
demonstrated that delta-tocotrienol induced apoptosis through the Notch-1 pathway in NSCLC 
cells (89). In order to further understand the molecular mechanism involved in delta-tocotrienol 
and cisplatin induced apoptosis of NSCLC cells, modifications in the cell death pathway were 
investigated. Using western blotting analysis, we found that combination treatment of delta-
tocotrienol and cisplatin significantly suppressed the protein expression of Notch-1 and its 
downstream signaling molecule Hes-1 in NSCLC A549 (Fig. 6.4 A) and H1650 (Fig. 6.4 B) 
compared to treatment by either delta-tocotrienol or cisplatin alone.  Given that Notch signaling 
and its gene products are known to regulate cell proliferation, cell cycle distribution and 
apoptosis, we further explored the apoptosis related genes in both NSCLC cell lines. Our data 
shows that the combination treatment of delta-tocotrienol and cisplatin suppressed the Notch-1 
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pathway as compared with either delta-tocotrienol or cisplain alone in A549 and H1650 cell line 
respectively. This suppression of Notch-1 was associated with the higher expression of cleaved 
caspase 3, cleaved PARP and inhibition of Bcl-2 expression.  
To further confirm the result on changes in protein expression, we also conducted real-
time PCR to assess Notch-1 and its target genes such as Hes-1 in NSCLC cells upon the 
treatment of delta-tocotrienol, cisplatin and their combination. Our data clearly demonstrated that 
the combination treatment of delta-tocotrienol and cisplatin was a more potent suppress of 
Notch-1 signaling pathway in A549 (Fig. 6.4 C) and H1650 (Fig. 6.4 D) cells as compared to 
either compound or control. Taken together, our findings strongly suggest that the combination 
treatment of delta-tocotrienol and cisplatin suppressed transcription and translation of Notch-1 
and its target genes such as Hes-1, Bcl-2 leading to reduced proliferation, and enhanced 
apoptosis in NSCLC cells. 
 
Delta-tocotrienol and cisplatin combination inhibits NF-κB activation and downstream 
pathways 
The NF-κB pathway plays important roles in cancer cell transformation, cell invasion, 
and apoptosis. Further, NF-κB has been shown to cross-talk with Notch signaling (78). Cisplatin, 
a DNA damage drug, is known to increase the NF-κB activity (111, 112). This increasing 
activity of NF-κB is associated with drug resistance. Interestingly, our previous data 
demonstrated that delta-tocotrienol can successfully reduce NF-κB DNA binding activity in 
NSCLC cells (89). The effect of combination treatment of delta-tocotrienol and cisplatin on NF-
κB DNA-binding activity in NSCLC cells was determined by subjecting nuclear extracts from 
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treated A549 and H1650 cells to p65 ELISA. As shown in the Fig. 5 A and B, compared to the 
control, the combination treatment significantly inhibits the DNA-binding activity of NF-κB for 
both cell lines. These results suggest that the treatment with delta-tocotrienol decreased the 
cisplatin-induced NF-κB activation which further confirms the potential benefit of delta-
tocotrienol as a sensitizing agent to cisplatin.  
Since VEGF and MMP9 are known to be the downstream target genes of NF-κB 
signaling pathway, the relative expression of VEGF and MMP9 were evaluated by RT-PCR. As 
shown in Fig. 6.5 C (A549) and 6.5 D (H1650), the combination treatment of delta-tocotrienol 
and cisplatin significantly inhibited the expression of VEGF and MMP9 in both cell lines, 
respectively. The results clearly demonstrate that delta-tocotrienol sensitized the NSCLC cells to 
cisplatin by inhibiting NF-kB activity and its target genes expressions. 
 
Delta-tocotrienol and/or cisplatin reduce cell invasion and migration  
Although the effect of delta-tocotrienol and cisplatin on anti-proliferation and induction 
of apoptosis has been shown in certain cancers, their effects on tumor cells migration and 
invasion has not been evaluated thus far. Since the combination treatment of delta-tocotrienol 
and cisplatin inhibited MMP-9 and VEGF expression, which are important factors for cell 
migration and invasion, we conducted a Matrigel invasion assay in order to assess its effect on 
the invasive capacity of A549 and H1650 NSCLC cells. As shown in Fig. 6.6 A and B, the 
combination treatment of delta-tocotrienol and cisplatin in A549 and H1650 cells significantly 
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decrease their invasive capability as compared with either the untreated control, or delta-
tocotrienol, and ciplatin alone.  
In order to determine the combination effect of delta-tocotrienol and cisplatin on tumor 
migration ability in NSCLC cells, we performed the wound healing assay. As demonstrated in 
Fig. 6.6 C (A549) and D (H1650), the combination of delta-tocotrienol and cisplatin inhibited 
cell migration compared with the untreated control, delta-tocotrienol and cisplatin alone.  
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Discussion: 
Cisplatin, is one of the most widely used chemotherapy drugs, and has been approved for 
treatment of different types of human solid carcinoma including lung, ovarian, bladder, and 
testicular cancers. Unfortunately, drug resistance and toxicity during chemotherapy remains a 
major hurdle and challenge for the usage of cisplatin in cancer therapy. Our previous data 
showed that treatment of NSCLC cells with delta-tocotrienol results in a dose dependent 
inhibition of cell growth, cell migration, tumor cell invasiveness, and induction of apoptosis (89). 
Real-time RT-PCR and Western blot analysis showed that antitumor activity of delta-tocotrienol 
was associated with a decrease in Notch-1, Hes-1, Survivin, MMP-9, VEGF, and Bcl-2 
expression (89). The aim of this study was to determine whether delta-tocotrienol has potential in 
combinational therapy with cisplatin for the treatment of NSCLC and further, to elucidate its 
molecular mechanism. The data from the current study, demonstrates that treatment of NSCLC 
cells with delta-tocotrienol and cisplatin in combination resulted in a dose dependent inhibition 
of cell proliferation. Also, this is the first study to report the effectiveness of delta-tocotrienol in 
inducing apoptosis in NSCLC cell lines, when used in combination with cisplatin. Abnormal 
overexpression of Notch-1 pathway has been found in a subset of NSCLC patients (39).  
Interestingly, activated forms of Notch-1 and its down-stream molecule Hes-1 can be stimulated 
by cisplatin. Delta-tocotrienol mitigated the activation of Notch-1, leading to greater expression 
of apoptotic proteins such as cleaved caspase 3, cleaved PARP and the inhibition of Bcl-2 
expression as compared with either delta-tocotrienol or cisplain alone in A549 and H1650 cell 
line, respectively. Therefore, the inhibition of Notch-1 signaling by delta-tocotrienol 
augmentation is a rational strategy against NSCLC cells to reduce the escape from cell death 
phenomenon by cisplatin.  
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Our previous data also demonstrated that delta-tocotrienol can decrease NF-κB-DNA 
binding activity. NF-κB plays important roles in many cellular processes including cell 
proliferation, invasion, and angiogenesis, all of which are crucial for cancer development and 
progression (47). Growing data indicates that there is cross-talk between the Notch-1/Hes-1 
pathways and the NF-κB pathway. Notch ligands induce NF-κB activation in leukemia cells, and 
decreased Notch-1 expression in these cells has been shown to be accompanied with 
concomittent decrease in NF-κB binding activity (48). Moreover Notch-1 has been found to 
induce sustained NF-κB activity by facilitating its nuclear retention (49). Recently, Notch-1/Hes-
1 pathways were found to be upstream mechanisms for maintainence of NF-κB activation in 
leukemia in vivo and in vitro (51). Interestingly, cisplatin, a DNA damaging agent, has been 
shown to induce the NF-κB activity in vitro and in vivo (113, 114). The activated NF-κB plays 
important roles in drug resistance and tumor relapse. Consistent with previous data, we found 
that treatment with delta-tocotrienol can reduce the NF-κB activity (Fig 5A and B) in NSCLC 
cells. Moreover, delta-tocotrienol also suppressed the NF-κB activity induced by cisplatin in both 
NSCLC cell lines (Fig 6.5 A and B). These molecular findings lend support in favor of 
simultaneous targeting of Notch-1 and NF-κB for effective sensitizing NSCLC cells to cisplatin.  
Furthermore, we wanted to explore the anti-metastatic effect of delta-tocotrienol and 
cisplatin action in NSCLC cells. Indeed, we showed that in both A549 and H1650 cells, 
migration and invasiveness were significantly reduced under treatment of delta-tocotrienol and 
cisplatin (Fig. 6.6). Previous, it has been reported that delta-tocotrienol suppressed hypoxia-
induced VEGF and IL-8 expression at both mRNA and protein levels which in turn suppressed 
tumor angiogenesis (84). Consistent with previous studies, our study confirmed that the anti-
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metastatic effects induced by delta-tocotrienol and cisplatin were associated with a decrease in 
VEGF and MMP-9 (Fig. 6.5 C and D) expressions.  
In conclusion, in this study, we provided evidence to support that delta-tocotrienol can 
enhance sensitivity of cisplatin in NSCLC cells. The combined treatment of delta-tocotrienl and 
cisplatin significantly suppressed both NSCLC cell growth, colony formation, cell migration and 
invasion.  Delta-tocotrienol suppressed cisplatin-caused activation of NF-κB pathway. Although 
the data needs to be substantiated further in a valid in vivo animal model for lung cancer, our 
findings indicate the potential of this combination of delta-tocotrienol and cisplatin as a novel 
therapeutic strategy for NSCLC. 
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Figure Legends: 
Figure 5.1: Antiproliferative effects of Delta-tocotrienol and/or cisplatin on NSCLC cells.  
Cell viability (A and B) of human NSCLC cell lines A549 and H1650 cells. Both A549 (left)  
and H1650 (Right) cells were initially plated at a density of 5×10
3
 cells/well (3wells/group) in 
96-well plates and grown in experimental medium with delta-tocotrienol (D), cisplatin (C) and 
the combination for 72 h. Viable cell number was determined using the MTS colorimetric assay. 
Vertical bars indicate the mean cell count ± SEM (n = 3).  *p < 0.05 is considered as significant 
as compared with vehicle-treated controls. 
Cell survival of human NSCLC cell lines A549 and H1650 cells. A549 (C) and H1650 (D) cells 
treated with delta-tocotrienol (15 µM), cisplatin (4 µM), and the combination were evaluated by 
the clonogenic assay. Photomicrographic difference in colony formation in A549 and H1650 
cells untreated and treated. There was a significant reduction in the colony formation in A549 
and H1650 cells treated compared with cells untreated.  
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Figure 5.2: Induction of apoptotic effects of delta-tocotrienol and  cisplatin NSCLC cells.  
A and B, A549 and H1650 cells were treated with delta-tocotrienol (15 µM), cisplatin (4 µM), 
and the combination for 72 h. After that, the apoptosis of both cell lines were determined by 
histone/DNA ELISA. .*P<0.05, **P< 0.01.  
 
C and D, A549 and H1650 cells were treated with delta-tocotrienol (15 µM), cisplatin (4 µM), 
and the combination for 72 h. After that, the apoptosis of both cell lines were determined by 
Annexin V-FITC.  
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Figure 5.3: Isobologram plots for the combination analysis of delta-tocotrienol and 
cisplatin  
Isobologram plots for combination treatments with delta-tocotrienol (7.5, 15, 30 µM) and 
cisplatin (2, 4, 8 µM) in A549 (A) and H1650 (B) were evaluated by the MTT assay. CI, 
combination index.  
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Figure 5.4: Dow-regulation of Notch-1 and its target genes by delta-tocotrienol and/or 
cisplatin 
A549 (A) and H1650 (B) cells were treated with delta-tocotrienol (15 µM), cisplatin (4 µM), and 
the combination for 72 h. Upper panel: the expressions of Notch-1, Hes-1, PARP, caspase-3, 
Bcl-2 protein were detected by western blotting analysis in A549 (A) and H1650 (B) NSCLC 
cells. Lower panel:: Notch-1 mRNA and Hes-1 mRNA were detected by Real-time RT-PCR in 
A549 (C) and H1650 (D) , respectively.  
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Figure 5.5: Dose-dependent down-regulation of NF-kB activity and its down-stream genes 
by delta-tocotrienol and/or cisplatin 
A549 (A) and H1650 (B) cells were incubated with delta-tocotrienol (15 µM), cisplatin (4 µM), 
and the combination or DMSO-control for 72 h, and nuclear proteins were subjected to ELISA 
assay for the evaluation of NF- B DNA binding activity. 
 
A549(C) and H1650 (D) were treated delta-tocotrienol (15 µM), cisplatin (4 µM), and the 
combination for 72 h. The expressions of VEGF and MMP9 were analyzed by real-time-RT-
PCR. Relative gene expressions were presented as means ± S.E.M of three independent 
experiments.*P<0.05, **P< 0.01.  
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Figure 5.6: Delta-tocotrienol and/or cisplatin inhibits cell migration and invasion 
A and B, Inhibition of NSCLC cells invasion by delta-tocotrienol, cisplatin, and the combination 
for 72 h. Upper panel: A549 (A) and H1650 (B) cells were seeded treated seeded into Matrigel-
coated inserts with delta-tocotrienol (15 µM), cisplatin (4 µM), the combination or DMSO. Cells 
that invaded to the lower surface of the insert over a period of 20 h were stained with crystal 
violet dye. Lower panel: The photometric intensity of the invaded cells was determined for the 
number of A549 (A) and H1650 (B) cells. Cell invasion were presented as means ± S.E.M of 
three independent experiments.*P<0.05, **P< 0.01.  
 
C and D, Inhibition of NSCLC cells migration by delta-tocotrienol (15 µM), cisplatin (4 µM), 
the combination or DMSO using the wound healing assay. Uniform wounds were done by 
scratching in confluent cultures which were treated with delta-tocotrienol over 20 h. After that, 
the wound healing images were captured using a microscope at 10 × objective. 
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CHAPTER 6 CONCLUSION 
 
Taken together, we have presented evidence that delta-tocotrienol could inhibit cell proliferation, 
clogonecity, cell invasion and migration and induce apoptosis in a dose dependent manner in 
NSCLC cell lines. Delta-tocotrienol could also arrest the NSCLC in G0-G1 phase. Protein 
expression analysis demonstrates that the effect of delta-tocotrienol on NSCLC cell lines was 
mediated by down-regulation on Notch-1 signaling pathway. EMSA analysis indicates that delta-
tocotrienol reduce the NF-kB DNA binding activity.  
Furthermore, our microRNA microarray data showed that treatment of NSCLC cells by 
delta-tocotrienol induced the expression of miR-34a. Utilizing the transfection of pre-miR-34a 
and antisense of miR-34a, we demonstrated that delta-tocotrienol inhibit cell proliferation, 
clogonecity, cell invasion and induce the apoptosis through the induction of miR-34a in NSCLC 
cell lines. The confocal immunochemistry analysis showed that the apoptosis initiated by miR-
34a was in part mediated through the expression of p53 pathway. 
Finally, we showed that delta-tocotrienol could sensitize NSCLC cell lines to cisplatin. 
This effect was due the suppression of NF-kB upon treatment of cells with delta-tocotrienol. The 
ability of delta-tocotrienol and cisplatin within therapeutic range to induce apoptosis in vitro 
suggests that this strategy could be an active and attractive regimen for patients diagnosed with 
NSCLC.  
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SUMMARY AND FUTURE DIRECTIONS 
Study 1: Lung cancer is the leading cause of death among all types of carcinomas and NSCLC 
account for 80% of lung cancers. Clinically, 30% of NSCLC patients were found to have up 
regulation of Notch-1 pathway. In the current study, we have provided experimental evidence 
showing that delta-tocotrienol could inhibit Notch-1 signaling, cell proliferation, invasion and 
also induced apoptosis in NSCLC cells. Moreover, our current data provide mechanistic insight 
showing that delta-tocotrienol exerts its pro-apoptotic effects on NSCLC cells, at least in part 
due to inactivation of Notch-1, Hes-1 and NF-kB signaling. On the basis of our results, we 
propose a hypothetical pathway as shown by which delta-tocotrienol inhibits cell growth of 
NSCLC cells.  
Future Directions: Further in-depth experiments are needed to ascertain the specific 
mechanisms by which delta-tocotrienol regulates oncogenic pathway for example EGFR, PI3K, 
MAPK. However, previous studies on the effect of vitamin E, mainly tocopherols on cancer 
types in cell and animal or clinical studies have shown inconsistent results. This may be 
attributed to their low bioavailability leading to decreased concentrations in the target tissues. 
Thus additional in vivo studies, for example, in transgenic mice models, and future clinical trials 
will be needed to establish whether delta-tocotrienol could be useful in combination with 
conventional chemotherapeutics or conventional targeted agents for the treatment of NSCLC for 
which at present, there is no effective and curative therapy. 
Study 2: Accumulating data demonstrate that microRNA play important roles in the 
pathogenesis of tumor progression. Some microRNAs are known to regulate carcinogenesis as a 
tumor suppressors while others are working as oncogenes. Our results demonstrate that delta-
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tocotrienol can upregulate miR-34a, expression and inhibit cancer cell proliferation, induce 
apoptosis, and reduce cancer cell invasion, at least in part due to downregulation of Notch-1, the 
molecular target that is predominately activated in NSCLC. Very recently, miR-34a was found to 
be downregulated in glioblastoma multiforme cells and was shown to inhibit cell growth by 
targeting the Notch-1 pathway. Moreover knockdown of Notch-1 showed similar cellular 
functions as overexpression of miR-34a both in vitro and in vivo. These data corroborate some of 
two work presented here.  
Future Directions: Besides the data we published, the effects of delta-tocotrienol on the 
expression to microRNA need to be further explored. In addition, in vivo studies in appropriate 
animal models for NSCLC are needed to establish whether delta-tocotrienol could be useful in 
combination with conventional chemotherapeutics or conventional targeted agents such as 
cisplatin and erolitinib, respectively for the treatment of NSCLC.  
 
Study 3: Although the development of target therapy, the response rate to EGFR-TKI for the 
NSCLC patients is still 10%. Many attempts to improve the survival of patients with NSCLC 
remain disappointing, suggesting newer treatment strategies must be developed. Based on 
foregoing discussion and our initial conviction that delta-tocotrienol may have therapeutic 
advantage, its effect in combination with another potent chemo agent- cisplatin was investigated  
We provided evidences in this study that delta-tocotrienol can enhance the sensitivity of cisplatin 
in NSCLC cells. The combined treatment of delta-tocotrienl and cisplatin significantly 
suppressed both NSCLC cells growth, colony formation, cell migration and invasion.  Delta-
tocotrienol suppressed cisplatin-induced activation of NF-κB pathway. Assessment of the 
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combination index values along with apoptosis induction by this combination proved to be 
additive with greater inhibition of cell viability and induction of apoptosis through the inhibition 
of Notch-1 pathway. These findings indicate the potential of this combination of delta-
tocotrienol and cisplatin as a novel therapeutic strategy for NSCLC. 
Future Directions: The future studies will include experimental design to determine the effects 
of delta-tocotrienol and other drugs on more oncogenic pathways such as EGFR, MAPK, mTOR. 
In addition, in vivo studies in appropriate animal models for NSCLC are needed to establish 
whether delta-tocotrienol could be useful in combination with conventional chemotherapeutics or 
conventional targeted agents such as gemicitabine and erolitinib, respectively for the treatment of 
NSCLC.  
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ABSTRACT 
INTERVENTION OF NON-SMALL CELL LINE CANCER ONCOGENIC PATHWAYS 
WITH DELTA-TOCOTRIENOL  
by 
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Non-small cell lung cancer (NSCLC) is most hostile and leading cause of cancer deaths 
in the United States. Clinical data has demonstrated that 30 % of NSCLC patients have increased 
Notch activity and 10% of NSCLC have gain-of-function mutation on Notch-1 gene. Our data 
demonstrated that delta-tocotrienol could inhibit NSCLC cells proliferation, invasion and induce 
apoptosis by down-regulation of the Notch-1 signaling pathway. Using microRNA microarray 
and microRNA transfection, our findings further suggest that delta-tocotrienol is a non-toxic 
activator of miR-34a which can inhibit NSCLC cell proliferation, induce apoptosis, and inhibit 
invasion. Last but not the least, We observed that delta-tocotrienol individually or in 
combination with cisplatin exhibited potent anticancer abilities in NSCLC cells by down-
regulating oncogenic pathways such as Notch-1 and NF-ĸB pathways and up-regulating the 
tumor suppressor pathways such as Bcl-2, caspase-3. Decreased NF- κB activity was observed in 
both cell lines in combination treatment along with significantly reduced levels of angiogenic 
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factors MMP-9, VEGF thus offering a potential starting point for the design of novel anticancer 
agents. Overall, our results suggest that delta-tocotrienol could be a promising approach for 
designing tailored novel combination therapies for the treatment of human NSCLC. 
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